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ABSTRACT
I t  was d em o n stra ted  t h a t  B ra in  H e a rt I n fu s io n  was a  r e l i a b l e  
b ro th  medium b o th  f o r  grow th o f  Y .e n t e r o c o l i t i c a  ' from a  m inim al inoculum  
and f o r  maximum re c o v e ry  o f  th e  o rgan ism  and  was th e r e f o r e  s u i t a b le  
f o r  u se  a s  a r e f e r e n c e  medium f o r  th e  su b seq u en t s tu d i e s .
Growth and  s u r v iv a l  s tu d ie s  showed t h a t  in  b u f fe re d  B ra in  H e a rt 
I n fu s io n  b ro th  Y. e n t e r o c o l i t i c a  co u ld  s u rv iv e  a t  pH 4 .2  w ith o u t any 
s i g n i f i c a n t  change in  numbers f o r  a t  l e a s t  72 h .  The th r e s h o ld  o f  
i n h i b i t  io n /g ro w th  was pH 4*2 -  pH 4 * 4 . At th e  h ig h e r  pH th e  l a g  
p e r io d  was p ro lo n g ed  b u t  grow th d id  o ccu r a f t e r  38 h in c u b a t io n .
Y e rs in ia  e n t e r o c o l i t i c a  grew r e a d i ly  betw een  pH 4 .6  and  pH 7*8 .
C o n c e n tra tio n s  o f  sodium c h lo r id e  g r e a t e r  th a n  5% had  an  in h i b i t o r y  
e f f e c t  on th e  grow th o f  Y. e n t e r o c o l i t i c a . In  k% sodium c h lo r id e  th e  
co lo n y  co u n t was 50% l e s s  th a n  t h a t  i n  5%> a f t e r  48  h in c u b a t io n .  I n  
5% sodium c h lo r id e  th e r e  was a  more marked in h i b i t i o n  and c o lo n y  co u n ts
5
ro s e  s lo w ly  t o  a  maximum o f  o n ly  7 x  10 o rgan ism s/m l a f t e r  48 h .
Y e r s in ia  e n t e r o c o l i t i c a  in o c u la te d  i n to  b o i l e d  f i s h ,  eg g , p o ta to ,
r i c e ,  r o a s t  c h ic k e n  and c h o c o la te  m ilk  grew r e a d i ly  a t  a l l  te m p e ra tu re s  
o ofrom  4  -  37 C. The organism  su rv iv e d  w ith o u t any  change i n  c o u n t ,
f o r  a t  l e a s t  8 -9  weeks in  th e s e  fo o d s  w h i ls t  s to r e d  a t  -20°C . Y e r s in ia  
e n t e r o c o l i t i c a  d id  n o t  e f f e c t  th e  pH o f  th e  fo o d  i n  w hich i t  was g row ing . 
The organism  d id  n o t grow when in o c u la te d  in to  s ix  m ayonnaise s a u c e s ,  
w ith  pH v a lu e s  o f  2*9 -  4 .8 .
E v a lu a tio n s  w ere made o f  a g a r  and b ro th  media and m ethods f o r  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  fo o d s  and o th e r  m a te r i a l s .  S i x ­
te e n  m edia commonly used  f o r  th e  i s o l a t i o n  o f  o th e r  p a th o g en s  w ere 
com pared w ith  some e ig h t  m edia s p e c ia l ly  fo rm u la te d  f o r  Y. e n te r o ­
c o l i t i c a . No medium was shown t o  be i d e a l .  In  an a tte m p t to  fo rm u la te  
o r  m odify a  new i s o l a t i o n  medium th e  e f f e c t s  o f  dyes and  o th e r  s e l e c t i v e  
a g e n ts  on th e  grow th o f  Y. e n t e r o c o l i t i c a  and  o th e r  o rgan ism s was 
s tu d ie d .  M a la c h ite  g re e n  (0 .0 0 4 $ ) in c o rp o ra te d  in to  d e o x y c h o la te  
c i t r a t e  s u c ro s e  a g a r  was found  to  be i n h i b i to r y  f o r  many e n t e r o b a c te r ia  
b u t n o t f o r  Y. e n t e r o c o l i t i c a . This e f f e c t  was shown t o  be r e l a t e d  t o  
th e  r a t i o  o f  m a la c h ite  g reen  t o  sodium d e o x y c h o la te .
F iv e  s tu d ie s  in v o lv in g  1004 fo o d s  and  o th e r  m a te r ia ls  w ere c a r r i e d  
o u t t o  f u r t h e r  e v a lu a te  v a r io u s  m edia and methods f o r  th e  i s o l a t i o n  o f  
Y. e n t e r o c o l i t i c a  a s  w e ll a s  to  i n v e s t ig a t e  th e  in c id e n c e  o f  th e
o rg an ism . The h ig h e s t  i s o l a t i o n  r a t e  was o b ta in e d  from  b u f f e r e d  
pep tone  w a te r  in c u b a te d  a t  4°C and  s u b -c u l tu re d  to  l a c to s e  su c ro s e  
u re a  a g a r .
B iochem ical c h a r a c te r i z a t i o n  and a n t i b i o t i c  s e n s i t i v i t y  p a t te r n s  
w ere d e te rm in ed  f o r  a l l  t h e  p resu m p tiv e  Y. e n t e r o c o l i t i c a  s t r a i n s  and  
th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  sen su  s t r i c t o  was co n firm ed  from  53 
o f  1004 (5*3/6) sam ples in c lu d in g  1 3 /67  p a s te u r iz e d  m ilk , 7 /1 1 9  b e e f ,  
16 /159  p o rk , 6 /40  s a u sa g e s , 4 / l 0 l  raw  c h ic k e n , 4 /1 4  sew er sw abs, 2 /140 
an im a l f e e d  and 1/1 cooked ham. Y e rs in ia  in te rm e d ia  was i s o l a t e d  from  
seven  sam ples a n d Y. f r e d e r i k s e n i i  from  th r e e  sam p les .
T here was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  a n t i b i o t i c  s e n s i t i v i t y  
p a t t e r n s  o f th e  th r e e  s p e c ie s .
F o u r te e n  d i f f e r e n t  s e ro ty p e s  were i d e n t i f i e d  o f  which s e ro ty p e  0 :5  
was th e  most commonly i s o l a t e d .  O ther s e ro ty p e s  in c lu d e d  0 :5 * 2 7 , 
0 : 6 ,30  and 0 :8  each  o f  w hich  have been  im p lic a te d  i n  human i l l n e s s .
A few  s t r a i n s  were rough  and  c o u ld  n o t b e  s e ro ty p e d  and 17/6 o f  th e  
i s o l a t e s  w ere n o t ty p a b le  w ith  th e  a v a i l a b l e  a n t i s e r a .  Some fo o d s  
c o n ta in e d  m u l t ip le  s e ro ty p e s .
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INTRODUCTION AND REVIEW
A. Y e r s in ia  e n t e r o c o l i t i c a  in  i t s  a s s o c ia t io n  w ith  human in f e c t io n
Y e r s in ia  e n t e r o c o l i t i c a  a s  a  cau se  o f  human d is e a s e  h as  been  
re c o g n iz e d  and r e p o r te d  w ith  in c r e a s in g  fre q u e n c y  from  many p a r t s  o f  
th e  w o rld , e s p e c i a l l y  s in c e  th e  e a r ly  1 9 6 0 's .  A lthough th e  p r in c i p a l  
c l i n i c a l  m a n if e s ta t io n  i s  g a s t r o e n t e r i t i s  th e  organ ism  h as  been  
i s o l a t e d  from  s e p t ic a e m ia s ,  wounds, eyes and o th e r  s i t e s .
The t r u e  g e o g ra p h ic a l d i s t r i b u t i o n  o f  Y. e n t e r o c o l i t i c a  i s  s t i l l  
v e ry  in c o m p le te  a s  i s o l a t i o n  and i d e n t i f i c a t i o n  h as  depended s o le l y  on 
th e r e  b e in g  an i n t e r e s t e d  and  com petent la b o r a to r y  a v a i l a b l e .
T here i s  p u b lis h e d  ev id en ce  t o  show t h a t  Y. e n t e r o c o l i t i c a  may be 
sp re a d  b o th  from  p e rso n  to  p e rso n  and from  a  common so u rc e  such a s  
a n im a l, food  o r  w a te r  (T oivanan  e t  a l . 1973; Gutman e t  a l . 1973;
B lack  e t  a l . 1 9 7 8 ).
1 • C l i n ic a l  m a n ife s ta t io n s
M air (1977) rev iew ed  th e  c l i n i c a l  m a n if e s ta t io n s  o f  Y. e n te r o ­
c o l i t i c a  in f e c t io n s  and  showed t h a t  th e y  can  be d iv id e d  in t o  p rim ary  
and  se c o n d a iy  s t a t e s .  The fo rm er in c lu d e s  e n t e r i t i s ,  a c u te  m e se n te r ic  
ly m p h a d e n it is ,  te rm in a l  i l e i t i s  and s e p t ic a e m ia .  The se c o n d a ry  
c o m p lic a tio n s  in c lu d e  ery them a nodosum, a r t h r i t i s  and  v a r io u s  c l i n i c a l  
c o n d i t io n s  such  a s  R e i te r* s  syndrom e, m e n in g i t is ,  su b cu tan eo u s  a b s c e s s  
and e r y s i p e l a s - l i k e  i l l n e s s .
E n t e r i t i s  i s  th e  most common ty p e  o f  i l l n e s s  cau sed  by Y. e n te r o ­
c o l i t i c a ,  and m a in ly  a f f e c t s  young c h i ld r e n .  The symptoms o f  abdom inal 
p a in ,  f e v e r ,  d ia r r h o e a ,  n ausea  and v o m itin g  make i t  i n d i s t in g u i s h a b le  
from  in f e c t io n s  by  th e  o rgan ism s o f  th e  S a lm o n ella  o r  S h ig e l la  g roups 
o r  by  p a th o g e n ic  E s c h e r ic h ia  c o l i . The in c u b a t io n  tim e  i s  t h r e e  to  
sev en  days and d u ra t io n  o f  th e  i l l n e s s  one to  th r e e  d ay s .
Z en -Y o ji and co -w o rk ers  d e s c r ib e  an  in c id e n t  i n  w hich 198 o f  1086 . 
p u p i l s  s u f f e r e d  ty p i c a l  symptoms o f  abdom inal p a in  (7&%)> f e v e r  ( 61%), 
headache  (60%), d ia r rh o e a  (3&%) > m a la ise  (33%) and v o m itin g  ( 12^ ) .
H a lf  o f  th e  p a t i e n t s  e x p e r ie n c e d  s e v e re  p a in  i n  th e  u m b i l ic a l  r e g io n  o r  
lo w er r i g h t  q u a d ra n t and  th r e e  c a se s  underw ent appendectom y (Z en -Y o ji 
e t  a l . 1973)* A cute m e se n te r ic  ly m p h a d e n it is  and te rm in a l  i l e i t i s  
re sem b le  a c u te  o r  s u b -a c u te  a p p e n d i c i t i s .  There i s  p a in  i n  th e  m id d le  
o r  r i g h t  lo w er q u ad ran t o f  th e  abdomen, v o m itin g  i s  f r e q u e n t  and  th e  
te m p e ra tu re  r i s e s  to  38-40°C and d ia r rh o e a  i s  f r e q u e n t ly  p r e s e n t .  
N orm ally a t  lap aro to m y  th e  appendix  lo o k s  norm al a l th o u g h  th e  m e se n te r ic
lym phnodes may b e  in f la m e d  and  sw o lle n . A c l e a r  o r  s l i g h t l y  p u ru le n t  
p e r i t o n e a l  ex u d a te  i s  o f te n  p r e s e n t  and som etim es th e  te rm in a l  ileum  
and caecum show g ro ss  hyperaem ic s w e ll in g  and  oedema. •
S e p ticaem ia  i s  r a r e  and u s u a l ly  o c c u rs  i n  e l d e r ly  p a t i e n t s  and th o s e  
s u f f e r in g  from  some o th e r  d i s o r d e r  such as  th a la s s a e m ia ,  a p l a s t i c  anaem ia 
o r  le u k a e m ia . D e s p ite  a n t i b i o t i c  tr e a tm e n t s e p tic a e m ia  r e s u l t s  i n  a  30% 
m o r t a l i ty  r a t e .
Erythem a nodosum a s  a  c o m p lic a tio n  o f  Y. e n t e r o c o l i t i c a  i n f e c t i o n  
o c c u rs  p re d o m in a n tly  i n  fe m a le s  o v e r 20 y e a rs  o ld  fo llo w in g  e n t e r i t i s  
symptom s. The e ru p t io n  re a c h e s  i t s  maximum i n  a  few  days and  i s  
accom panied  by  m o d era te  f e v e r  and  f a t i g u e .
P o l y a r t h r i t i s  may a l s o  o c c u r fo llo w in g  g a s t r o i n t e s t i n a l  symptoms. 
S e v e ra l j o i n t s  become a f f e c t e d  and th e  p a in  and s w e ll in g  f l u c t u a t e  from  
one j o i n t  to  a n o th e r .  The knees and a n k le s  a r e  th e  m ost commonly 
a t ta c k e d  fo llo w e d  by  th e  f i n g e r s ,  t o e s ,  w r i s t s ,  elbows and sh o u ld e rs  
and o c c a s io n a l ly  th e  lum bar s p in e ,  h ip s  and s a c r o - i l i a c  j o i n t s .  These 
symptoms u s u a l ly  su b s id e  a f t e r  one t o  f o u r  months b u t s t i f f n e s s  may 
p e r s i s t  f o r  much lo n g e r .
B esid es  th e  c l i n i c a l  s t a t e s  d e s c r ib e d  th e r e  a r e  r e p o r t s  o f  Y. 
e n t e r o c o l i t i c a  b e in g  th e  c a u s a t iv e  organism  o f  c o n j u n c t i v i t i s  (C h in  & 
Noble 1977; C ric h to n  1 9 7 8 ) , wound in f e c t i o n  (G re e n s te in  & D r e i l in g  1974) 
and lu n g  a b s c e s s  and  o s te o m y e l i t i s  o f  a  r i b  (S ebes e t  a l . 1 9 7 6 ).
2 .  W orld d i s t r i b u t i o n  o f  i n f e c t io n s
The i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  c a se s  o f  human in f e c t i o n  h a s  
been  r e p o r te d  i n  37 c o u n t r ie s  th ro u g h o u t th e  w o rld . T hese a r e  l i s t e d  i n  
T ab le  1 to g e th e r  w ith  th e  y e a r  t h a t  th e  f i r s t  i s o l a t i o n s  w ere made and  
th e  t o t a l  number o f  c a s e s  re c o rd e d . Much o f  th e  in fo rm a tio n  in  t h i s  
t a b le  was com piled  a t  th e  W.H.O. R e fe re n c e  C en tre  i n  P a r i s  (M o lla re t  
e t  a l . 1 9 7 9 ). S ince  t h e i r  summary was p u b lis h e d  th e  f i r s t  i s o l a t i o n s  
have  been  r e p o r t e d t in  A u s tr ia  (S tan ek  e t  a l . 1979)» G uatem ala (G in i & 
T o rre s  1979) and  N ig e ria  (A n jo r in  e t  a l . 1 9 7 9 ). The w orld  d i s t r i b u t i o n  
o f  Y. e n t e r o c o l i t i c a  i s  a l s o  shown p i c t o r i a l l y  ( p la t e  1 ) .
The t o t a l  number o f  i s o l a t e s  does n o t r e f l e c t  th e  s i z e  o r  p o p u la tio n  
o f  a  c o u n try  b u t  r a t h e r  th e  p re se n c e  o f  i n t e r e s t e d  b a c t e r i o l o g i s t s .  P o r  
exam ple Belgium  h as  r e p o r te d  more th a n  2000 c a s e s  s in c e  1 964 h u t  th e  
USSR l e s s  th a n  100 c a se s  s in c e  1967. I t  I s th u s  a lm o s t c e r t a i n  t h a t  
y e r s in i o s i s  h as  a  w orldw ide d i s t r i b u t i o n  and t h a t  th e  ab sen ce  o f
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r e p o r te d  in f e c t io n s  i n  c o u n t r ie s  r e f l e c t s  d e f ic ie n c e s  i n  s u r v e i l l a n c e .
The m ost common s e ro ty p e s  i s o l a t e d  v a ry  from  c o u n try  to  c o u n try . 
S e ro ty p e  0 :3  (b io ty p e  4 ) i s  p r e v a le n t  i n  E urope, Canada, South A fr ic a  
and J a p a n . In  th e  USA s e ro ty p e  0 :8  (b io ty p e  1 ) i s  th e  m ost common 
s e ro ty p e  i s o l a t e d  and i n  S can d in av ia  b o th  se ro ty p es  0 :3  and 0 :9  a re  
f r e q u e n t ly  fo u n d . O ther s e ro ty p e s  in c lu d in g  0:5> 27 and 0 :6 ,3 0  have 
been  im p lic a te d  o c c a s io n a l ly  i n  human in f e c t io n s  (Toma & L a f le u r  1974; 
Robins-Brow ne e t  a l . 1 9 7 9 ).
D uring  th e  p e r io d  1975-1981 187 c a s e s  o f  Y. e n t e r o c o l i t i c a
in f e c t i o n  w ere r e p o r te d  i n  England and  W ales (HiLS Communicable D isease  
S u rv e i l la n c e  C e n tre , u n p u b lish e d  d a t a ) .  The organism  was i s o l a t e d  from  
f a e c e s , b lo o d  c u l tu r e  and from  a  v a r i e t y  o f  o th e r  s i t e s  in c lu d in g  l i v e r  
a b s c e s s e s ,  p u s ,  p e rito n e u m , an  h y s te re c to m y  wound and an  e y e . Sero­
ty p e  0 :3  was th e  m ost f r e q u e n t ly  i s o l a t e d  w ith  s m a lle r  num bers o f  
s e ro ty p e s  0 : 1 , 0 : 5 > 0 : 5 *2 7 , 0 : 6 , 3 0 , 0 :8  and 0 : 9 * and many s t r a i n s  w ere 
n o t ty p a b le .
3 .  I n c id e n ts  o f  i n t e s t i n a l  i n f e c t io n s
The mode o f  sp re a d  o f  Y. e n t e r o c o l i t i c a  i s  s t i l l  u n c e r ta in  b u t  
th e  ev id en ce  o b ta in e d  in  16 o u tb re a k s  w hich have o c c u rre d  s in c e  1973 
i n d i c a t e s  t h a t  i n f e c t io n  from  a  common fo o d , w a te r  o r  an im al so u rc e  
a n d /o r  p e rso n  t o  p e rso n  s p re a d  can  and  does ta k e  p la c e .  Some c lu e s  
o f  p o s s ib le  cau ses  o r  so u rc e s  o f  th e  o rgan ism  may be fo u n d  from  th e  
fo l lo w in g  in c id e n ts  which have o c c u rre d  in  Jap an , USA, C anada, E u rope , 
S can d in av ia  an d  E n g land , and  w hich a r e  sum m arised i n  T ab le  2 .
F o u r community o u tb re a k s  have o c c u rre d  i n  Ja p a n , a l l  in v o lv in g  
ju n io r  and p rim a ry  s c h o o ls .  In  th e  f i r s t  o u tb re a k  132 s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  were i s o l a t e d  from  198 c a s e s ,  tw o more 
w ere s e ro ty p e  0 :5  and  s i x  s e ro ty p e  0 : 9 * and  a n o th e r  p a t i e n t  c a r r i e d  
b o th  ty p e s  0 :3  and  0 :9  (Z en -Y o ji e t  a l . 1973)* Two o th e r  in c id e n t s  
(Asakawa e t  a l .  1973) w ere s im i l a r  to  th e  one d e s c r ib e d  above and  
a f f e c t e d  a  t o t a l  o f  733 c h i ld r e n  and  t e a c h e r s .  A ll  th e  s t r a i n s  
i s o l a t e d  w ere s e ro ty p e  0 : 3 *
The f o u r th  o u tb re a k  (S ak azak i e t  a l . ,  u n p u b lish e d  an d  c i t e d  by 
Asakawa e t  a l . 1973) in v o lv e d  a n o th e r  p rim a ry  s c h o o l. U n fo r tu n a te ly  
b a c t e r io l o g ic a l  ex am in a tio n  f o r  Y. e n t e r o c o l i t i c a  was n o t  p erfo rm ed  
d u r in g  th e  o u tb re a k , b u t h ig h  a g g lu t in in  t i t r e s  t o  s e ro ty p e  0 :3  w ere 
d em o n stra ted  in  th e  p a t i e n t s  c o n v a le s c e n t s e r a  ta k e n  two m onths l a t e r .
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P our o u tb re a k s  have been  r e p o r te d  i n  th e  A m erican l i t e r a t u r e ,  th e  
f i r s t  in v o lv e d  16  o f  21 p e rso n s  i n  f o u r  r e l a t e d  and  n e ig h b o u rin g  
f a m i l i e s .  The i l l n e s s  l e d  t o  two appendectom ies and  two d e a th s .
Y e rs in ia  e n t e r o c o l i t i c a  s e ro ty p e  0 :8  was i s o l a t e d  a t  a u to p sy  from  a  
baby  w hich d ie d  and r a i s e d  a n tib o d y  t i t r e s  w ere d em o n stra ted  i n  o th e r  
p a t i e n t s .  A dog ( b i t c h )  had  w helped a  l i t t e r  o f  n in e  p u p p ie s ,  f i v e  
o f  w hich h ad  d ie d  from  d ia r r h o e a l  d is e a s e  j u s t  p r i o r  to  th e  human o u t­
b re a k .  The s u rv iv in g  an im a ls  w ere d e s tro y e d  a f t e r  th e  o n se t o f  th e  
in c id e n t  an d  w ith o u t c u l t u r a l  ex am in a tio n  ( G-utman e t  a l . 1973)*
~ The seco n d  in c id e n t  i n  th e  USA i s  th e  o n ly  p roven  fo o d b o rn e  
Y. e n t e r o c o l i t i c a  o u tb re a k  i n  th e  w o r ld . T h is  o c c u rre d  in  a  v i l l a g e  
w here 37 o f  119 p e o p le  r e p o r t in g  i l l  w ith  abdom inal p a in  and f e v e r  
w ere found  to  b e  i n f e c te d  w ith  Y. e n t e r o c o l i t i c a  ty p e  0 :8 .  The same 
s e ro ty p e  was a l s o  i s o l a t e d  from  1 o f  60 p e o p le  r e p o r t i n g  d ia r rh o e a  
w ith o u t abdom inal p a in  and f e v e r .  T w en ty -th ree  o f  th e  c u l tu r e  p o s i t i v e  
p a t i e n t s ,  9 o f  40  c u l tu r e  n e g a t iv e  and one sym ptom less c h i ld  had  a  
r a i s e d  a n tib o d y  l e v e l  (> 1 2 8 ). S ix te e n  p a t i e n t s  underw ent appendectom y. 
The common fo o d  so u rc e  o f  th e  organ ism  was i d e n t i f i e d  a s  a  c h o c o la te  
m ilk  d r in k .  T h is  was p u rch ased  from  a  sm a ll d a i ry  which was th e  
e x c lu s iv e  s u p p l i e r  o f  m ilk  t o  th e  l o c a l  s c h o o ls .  The c h o c o la te  m ilk  
was p re p a re d  by  ad d in g  c h o c o la te  sy ru p  t o  p re v io u s ly  p a s te u r i s e d  m ilk  
in  an  open v a t  and m ix ing  by hand w ith  a  p e r f o r a te d  m e ta l s t i r r i n g  ro d .  
Y e r s in ia  e n t e r o c o l i t i c a  ty p e  0 :8  was i s o l a t e d  from  1 o f  4  unopened 
c a r to n s  o f  c h o c o la te  m ilk  o b ta in e d  from  th e  sch o o l c a f e t e r i a  (B la ck  
e t  a l . 1 9 7 8 ).
The t h i r d  N orth A m erican in c id e n t  was a g a in  a s s o c ia t e d  w ith  a  
f a m ily  o f  do g s. E ig h t o f  a  l i t t e r  o f  e le v e n  p u p p ie s  h ad  d ie d  from  
w hat was d e s c r ib e d  a s  ** was t i n g  away” b u t th e r e  was no ev id en ce  o f  
d ia r r h o e a .  However a  f o u r  month o ld  baby  g i r l  was found to  have en­
la rg e d  i n g u i n i a l  nodes and  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :2 0  was i s o l a t e d  
from  a n  a s p i r a t e .  On b a c t e r io l o g ic a l  e x am in a tio n  fo u r  o f sev en  members 
o f  th e  baby*s fa m ily  y ie ld e d  se ro ty p e  0 :6  b u t th e  th r e e  s u r v iv in g  
p u p p ie s  a l l  y ie ld e d  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :2 0  (W ilson  e t  a l ,  197^)*
The f o u r th  o u tb re a k  o c c u rre d  i n  1 973 > i t  was r e p o r te d  t h a t  many 
v i s i t o r s  and s t a f f  o f  a  s k i  r e s o r t  i n  Montana had  e x p e rie n c e d  p r e ­
d o m in an tly  n a u s e a , v o m itin g , d ia r rh o e a  and abdom inal p a in  e i t h e r  d u r in g  
o r  a f t e r  v i s i t i n g  th e  r e s o r t .  W ith in  a  two month p e r io d  ~jGfo o f  th e  
s t a f f  had  e x p e r ie n c e d  g a s t r o i n t e s t i n a l  i l l n e s s .  An e p id e m io lo g ic a l
su rv e y  showed a  s i g n i f i c a n t  a s s o c ia t io n  betw een th e  d r in k in g  w a te r  and 
i l l n e s s  (P  = 0 .0 0 0 1 ) b u t  no a s s o c ia t io n  betw een i l l n e s s  and room 
l o c a t io n  o r  w here th e  g u e s ts  a t e  o r  d ra n k . Y e rs in ia  e n t e r o c o l i t i c a  
was i s o l a t e d  from  two o f  th e  w e lls  w hich s u p p l ie d  th e  d r in k in g  w a te r .  
Pour d i f f e r e n t  s e ro ty p e s  w ere i d e n t i f i e d  in c lu d in g  s e ro ty p e s  0 :3  and 
0 :5  aud some s t r a i n s  w ere n o n - ty p a b le .  A f te r  th e  i s o l a t i o n  o f  Y. 
e n t e r o c o l i t i c a  from  th e  w a te r  100 p e rso n s  who*had been i l l  w ere exam ined 
b a c t e r i o l o g i c a l l y  b u t th e  organ ism  was n o t fo u n d  (Eden e t  a l . 1977)*
I n  Canada two a s s o c ia te d  o u tb re a k s  have o c c u rre d . The so u rc e  was 
n e v e r  p ro v ed  and th e  b a c t e r io l o g ic a l  e v id en ce  o b ta in e d  was p o o r b u t  th e  
e p id e m io lo g ic a l e v id en ce  d id  im p l ic a te  raw  m ilk . Groups o f  c h i ld r e n  
from  two s e p a ra te  s c h o o ls  a t te n d e d  ’’su g a r in g  o f f ” p a r t i e s  a t  a  s u g a r  
bush  n e a r  M on trea l a t  v a r io u s  tim e s  d u r in g  a  f o u r  week p e r io d .  A 
t o t a l  o f  831 p e rso n s  w ere exposed  to  i n f e c t i o n  and 138  became i l l .  
H owever, u n l ik e  o th e r  o u tb re a k s  d ia r rh o e a  was th e  p redom inan t symptom. 
Y e r s in ia  e n t e r o c o l i t i c a  s e ro ty p e  0 :5*27  was i s o l a t e d  from  th e  o n ly  two 
c h i ld r e n  exam ined and s e ro ty p e  0 .6 ,3 0  was found  i n  th e  raw m ilk . The 
p o s s i b i l i t y  o f  o th e r  e t i o l o g i c a l  a g e n ts  b e in g  r e s p o n s ib le  c o u ld  n o t  be 
r u le d  o u t (a e  Grace e t  a l . 1 9 7 6 ).
The one o u tb rea k  w hich o c c u rre d  in  C zech o slo v ak ia  (O lhovsky e t  a l . 
1975) c e n t r e d  on two e s ta b l is h m e n ts  f o r  th e  c o l l e c t i v e  c a r e  o f  c h i ld r e n ,  
b o th  o f  w hich r e c e iv e d  t h e i r  food  from  a  s in g le  k i t c h e n .  Mass sam p lin g  
o f  s to o l s  to o k  p la c e  n in e  days a f t e r  th e  e x p lo s iv e  o c c u rre n c e  an d  Y. 
e n t e r o c o l i t i c a  s e ro ty p e  0 :3  was i s o l a t e d  from  6 o f  15 p a t i e n t s .
P o llow -up  s e r o lo g ic a l  ex am in a tio n  showed r a i s e d  a g g lu t in in  t i t r e s  in  
th e s e  p e r s o n s .
The F in n is h  o u tb re a k  d e s c r ib e d  by  T oivanen  e t  a l . (1973) began  
w ith  th e  h o s p i t a l i z a t i o n  o f  a  s c h o o lg i r l  w ith  s u sp e c te d  a p p e n d i c i t i s .
She had been  t r a n s f e r r e d  to  a second  ward when i t  was e s t a b l i s h e d  t h a t  
she was in f e c te d  w ith  Y. e n t e r o c o l i t i c a . S ix  members o f  s t a f f  i n  th e  
two wards became in f e c te d .  Y e r s in ia  e n t e r o c o l i t i c a  s e ro ty p e  0 :9  was 
i s o l a t e d  from  th e  g i r l  and a  member o f  s t a f f  and  a l l  i n f e c te d  p e rso n s  
had  r a i s e d  a n t ib o d y  t i t r e s .  The in c u b a t io n  tim e  i n  a l l  c a s e s  was 
a p p ro x im a te ly  te n  days a f t e r  presum ed e x p o su re .
W ell w a te r  a p p e a re d  to  be t h e  so u rc e  o f  y e r s in o s i s  in  a  D an ish  
baby  (C h r is te n s e n  1979)* The c h i ld  was d iag n o sed  a s  h av in g  a c u te  
g a s t r o e n t e r i t i s  and  a  r a i s e d  a n tib o d y  t i t r e  t o  Y. e n t e r o c o l i t i c a  s e r o ­
ty p e  0 :3  was d e m o n s tra te d . The same s e ro ty p e  was i s o l a t e d  from  a
w e ll w hich p ro v id e d  th e  o n ly  w a te r  su p p ly  t o  th e  h o u seh o ld  and which 
was u sed  in  th e  p r e p a r a t io n  o f  th e  b a b y ’s f e e d .  B lood sam ples from  
th e  r e s t  o f  th e  fa m ily  d id  n o t  r e v e a l  r a i s e d  t i t r e s  to  Y. e n te ro ­
c o l i t i c a .
The th r e e  o u tb re a k s  which have o c c u rre d  in  E ngland have a s  y e t  
n o t been  r e p o r te d  in  th e  l i t e r a t u r e .  I n  th e  f i r s t  in c id e n t  17 o f  135 
p e rs o n s  s u f f e r e d  n a u se a , v o m itin g , abdom inal p a in  and d ia r rh o e a  2^-26  
h  a f t e r  consum ption  o f  a  sc h o o l m eal w hich in c lu d e d  c o le s la w  p re p a re d  
w ith  d r e s s in g  from  a  j a r  opened a  week p r e v io u s ly .  Y e r s in ia  e n te ro ­
c o l i t i c a  was i s o l a t e d  from  4  o f  17 p e rso n s  w ith  symptoms ( in c lu d in g  
one fo o d  h a n d le r )  an d  1 o f  3 asym ptom atic fo o d  h a n d le r s .  The s t r a i n s  
w ere a l l  s e r o lo g i c a l l y  n o n - ty p a b le  u s in g  l i v e  su sp e n s io n s  b u t a g g lu t in ­
a te d  s e ro ty p e  0 :5*27 u s in g  steam ed  s u s p e n s io n s . None o f  th e  fo o d  was 
a v a i l a b l e  f o r  e x a m in a tio n .
The seco n d  c a s e  in v o lv e d  a  f a rm e r ’s w ife  who d ev e lo p ed  symptoms 
a f t e r  a  v i s i t  to  London. She had  e a te n  smoked salm on and scam pi in  
l o b s t e r  sau ce  48 h b e fo re  and c h ick en  sandw iches 12 h b e f o r e ,  o n s e t o f 
i l l n e s s .  Y e r s in ia  e n t e r o c o l i t i c a  s e ro ty p e  0 :3  was i s o l a t e d  from  th e  
p a t i e n t  and  a l s o  from  h e r  husband who had  n o t been  to  London and  had  
no symptoms. The organism  was n o t i s o l a t e d  from  th e  c o u p le ’ s son  o r  
t h e i r  n in e  p e t  dachshounds (FHLS Communicable D isease  S u r v e i l la n c e  
C e n tre , u n p u b lish e d  d a t a ) .
The t h i r d  o u tb re a k  was in  a  boys* b o a rd in g  sc h o o l i n  th e  s o u th  o f  
E n g land . D uring  th e  autumn and  s p r in g  te rm s some 96 o f  200 boys and  
2 o f  35 s t a f f  w ere i l l ,  some more th a n  o n ce . Abdominal p a in  and  
m a la is e  were th e  p r in c i p a l  c l i n i c a l  f e a tu r e s  b u t some boys p r e s e n te d  
w ith  abdom inal p a in  and d ia r rh o e a  o r  d ia r rh o e a  a lo n e .  Two o f  th e  96 
boys had  s u s p e c te d  a p p e n d ic i t i s  and one was o p e ra te d  on . Y e r s in ia  
e n t e r o c o l i t i c a  s e ro ty p e  0 :3  was i s o l a t e d  from  te n  boys and a  r a i s e d  
a n t ib o d y  t i t r e  t o  s e ro ty p e  0 :3  was d em o n stra ted  in  36 b o y s . A 
d e t a i l e d  e p id e m io lo g ic a l i n v e s t i g a t io n  showed t h a t  i n f e c t io n  was 
c lo s e ly  a s s o c ia te d  (P  = 0 .0 0 0 2 ) w ith  a t te n d a n c e  to  th e  p ig s  w hich  th e  
sc h o o l k e p t on i t s  fa rm . T here was a l s o  some s u g g e s tio n  o f  p e rs o n  
to  p e rso n  s p re a d  p a r t i c u l a r l y  w ith in  in d iv id u a l  c l a s s e s .  Y e r s in ia  
e n t e r o c o l i t i c a  h as  so  f a r  n o t been  i s o l a t e d  from  th e  p ig s  ( B a r t l e t t  
e t  a l . 1 9 8 2 ) .
The in c id e n ts  r e f e r r e d  to  i n  t h i s  s e c t io n  su g g e s t a  v a r i e t y  o f  
c a u se s  and so u rc e s  o f  i n f e c t io n  r a t h e r  th a n  a  p rim ary  e t i o l o g i c a l
a g e n t .  Where a  s p e c i f i c  so u rc e  o f  i n f e c t i o n  h as  been im p lic a te d  
th e  commonest c a u se s  w ould a p p e a r  to  be f o o d s tu f f s ,  an im a ls  and w a te r .
B. Yersinia enterocolitica - the organism
The o rgan ism  now known as Y e r s in ia  e n t e r o c o l i t i c a  h as  been  c a l l e d  
a  v a r i e ty  o f  nam es, P a s te u r e l l a  wx M, P a s te u r e l la  p s e u d o tu b e rc u lo s is  b , 
and P a s t e u r e l l a  p s e u d o tu b e rc u lo s is - l i k e  b a c te r iu m . The d e s ig n a t io n  
Y. e n t e r o c o l i t i c a  was p ro p o sed  by P re d e r ik s e n  in  1964 and th e  organ ism
h as  r e c e n t ly  b een  c l a s s i f i e d  a s  a  member o f  th e  fa m ily  E n te ro b a c te r ia o  e a e . 
Y e r s in ia  e n t e r o c o l i t i c a  i s  m o rp h o lo g ic a lly  and c u l t u r a l l y  r e l a t e d  to  
Y. p s e u d o tu b e r c u lo s is , b u t  d i f f e r s  from  i t  w ith  r e g a rd  t o  s e ro lo g y ,  
p a th o g e n ic i ty  to  a n im a ls ,  b a c te r io p h a g e  s e n s i t i v i t y  and c e r t a i n  
b io c h e m ic a l r e a c t i o n s .  I t  was f i r s t  i s o l a t e d  betw een 1933-43 i n  New 
York S ta te  from  two p a t i e n t s  w ith  c e r v i c a l  a d e n i t i s  and th r e e  p a t i e n t s
w ith  a c u te  e n t e r i t i s  and te rm in a l  i l e i t i s  (S o n n en w irth  1 9 7 6 ). T here
were v e ry  few c a s e s  re c o g n iz e d  betw een 1943 and  th e  e a r ly  1 9 6 0 f s s in c e  
when numerous human c a s e s  have been  d ia g n o sed  i n  E u rope , N orth  A m erica, 
A sia  and A u s t r a la s ia .
1 .  M o rp h o lo g ic a l, c o lo n ia l  and  b io c h em ic a l c h a r a c t e r i s t i c s
Y e r s in ia  e n t e r o c o l i t i c a  i s  a  G ram -n eg a tiv e , o x id a s e -n e g a t iv e ,
c a t a l a s e - p o s i t i v e  f a c u l t a t i v e l y  a n a e ro b ic ,  f e rm e n ta t iv e  ro d  t h a t  grows
on common la b o r a to r y  media ( e .g .  n u t r i e n t  a g a r)  and re d u c e s  n i t r a t e s  to
n i t r i t e s  (e x c e p t f o r  W a u te r 's  b io ty p e  5 ) -  I t  i s  r a r e l y  p ig m en ted , i s
n o n -sp o r in g  and does n o t p roduce  a  c a p s u le  when grown i n  v i t r o .  I t
i s  m o ti le  ( a t  22°C o n ly ) by  p e r i t r i c h o u s  f l a g e l l a .  I t  i s  on th e  b a s i s
o f  th e s e  c h a r a c t e r i s t i c s  t h a t  i t  h as  been  a d m itte d  to  th e  f a m ily
Ent e ro b a c t e r ia c e a e .
On n u t r i e n t  a g a r  in c u b a te d  a t  22°-37°C  f o r  24 h Y, e n t e r o c o l i t i c a
p ro d u ces  c o lo n ie s  0 .5 -1  nim i n  d ia m e te r . On b i l e  s a l t  s e l e c t i v e  m edia
u sed  to  d e te c t  e n t e r i c  p a thogens from  s to o l  sam ples th e  o rgan ism  grows
much b e t t e r  a t  22° th a n  a t  37°C ( N ilehn  1969b; W auters 1 9 7 0 ) . The
o o
re p o r te d  grow th ran g e  o f  Y. e n t e r o c o l i t i c a  s t r a i n s  i s  from  4  t o  41 C.
The m o rp h o lo g ic a l, c u l t u r a l  and b io c h e m ic a l c h a r a c t e r i s t i c s  o f
Y. e n t e r o c o l i t i c a  have been  rev iew ed  by  many w orkers (B o tto n e  1977;
N ileh n  1969b; W auters 1970; Sonnenw irth  1976; P e e le y  e t  a l .  1 9 7 6 ) .
However, th e  b io c h e m ic a l c l a s s i f i c a t i o n  and d i f f e r e n t i a t i o n  o f  Y.
e n t e r o c o l i t i c a  and Y. e n t e r o c o l i t i c a - l i k e  o rganism s h as  rem ained
c o n fu se d . One o f  th e  re a s o n s  why th e r e  i s  co n fu s io n  i n  th e  l i t e r a t u r e
ab o u t th e  c h a r a c t e r i s t i c s  o f  th e  o rgan ism  may be b eca u se  some p o s i t i v e
o
b io c h e m ic a l r e a c t io n s  a r e  o n ly  o b ta in e d  a t  te m p e ra tu re s  below  30 C.
These t e s t s  in c lu d e  V o g es-P ro sk au er, |3 -g a la c ta s id a s e ,  f e rm e n ta t io n  o f  
l a c t o s e ,  r a f f i n o s e ,  rham nose, S im m ons c i t r a t e  and  o r n i th in e  decarboxy­
l a s e .
R e c e n tly  an  i n t e r n a t i o n a l  group o f  w orkers d e f in e d  Y. e n te ro ­
c o l i t i c a  se n su  s t r i c t o  and th e  Y. e n t e r o c o l i t i c a - l i k e  o rgan ism s 
(B e rc o v ie r  e t  a l . 1980a, 1980b; B ren n er e t  a l . 1980; U rs in g  e t  a l . 
1 9 8 0 ) , b u t  t h i s  c l a s s i f i c a t i o n  has n o t  y e t  be^n o f f i c i a l l y  a c c e p te d  by 
th e  I n t e r n a t io n a l  Committee on S y s te m a tic  B a c te r io lo g y . The b io c h e m ic a l 
c h a r a c t e r i s t i c s  o f  Y. e n t e r o c o l i t i c a  sen su  s t r i c t o  a r e  d e s c r ib e d  by 
B e rc o v ie r  and co -w o rk ers  fo l lo w in g  a  s tu d y  o f  7000 s t r a i n s  a t  th e  
N a tio n a l R e fe re n c e  C en tre  i n  P a r is  a re  shown i n  T ab le  3* I n  a d d i t io n  
t o  th o s e  a l r e a d y  l i s t e d  th e  fo l lo w in g  t e s t s  gave p o s i t i v e  r e a c t io n s  f o r  
a l l  th e  s t r a i n s  exam ined, c a t a l a s e ,  m ethy l r e d  (37°C)» f e rm e n ta t io n  i n  
0 -F  t e s t ,  a c id  p ro d u c tio n  from  D -g lu c o se , g ly c e r o l ,  r i b o s e ,  D - f ru c to s e ,  
D-raannose, D -m ann ito l and N -a c e ty l-g lu c o sa m in e . N egative  r e a c t io n s
w ere o b ta in e d  w ith  a l l  th e  s t r a i n s  f o r  th e  fo llo w in g  t e s t s : -  o x id a s e ,
o o om o t i l i t y  a t  37 C, V o g es-P ro sk au er a t  37 C, Simmon*s c i t r a t e  a t  37 C,
m a lo n a te , m ucate , p o ta ss iu m  c y a n id e , g as  from  g lu c o s e , hydrogen
s u lp h id e  ( K l i e g l e r ’ s ) ,  p h e n y la la n in e  deam inase , t ry p to p h a n  d eam in ase ,
l y s in e  d e c a rb o x y la s e , a r g in in e  d e c a rb o x y la s e , (3 -xy losidase  (PNPX 37° C )>
g e l a t i n ,  and a c id  p ro d u c tio n  from  e r y t h r i t o l ,  L -x y lo se , a d o n i to l ,  L -
rham nose, d u l c i t o l ,  D -m e liz i to s e ,  a lp h a -m e th y l-x y lo s id e , a lp h a -m e th y l-
D -m annoside, a lp h a -m e th y l-D -g lu c o s id e , i n u l i n ,  am ylose and g ly c o g e n .
S e v e ra l d i f f e r e n t  schem es have been d e s c r ib e d  f o r  th e  b io ty p in g  o f  
Y. e n t e r o c o l i t i c a  (N ile h n  1969b; W auters 1970; Knapp & T h a i 1 9 7 3 ) . A 
f o u r th  scheme w hich i s  a  s l i g h t  m o d if ic a t io n  o f  W auters* scheme h a s  
s in c e  been  p u b lis h e d  by B e rc o v ie r  e t  a l . ( i 9 8 0 a ). The f o u r  schem es 
a r e  sum m arized in  T ab le  4* The b a s i s  o f  th e  schemes a r e  th e  d i f f e r e n t  
r e a c t io n s  o f  Y. e n t e r o c o l i t i c a  s t r a i n s  i n  such t e s t s  a s  l e c i t h i n a s e  
( l i p a s e ) ,  in d o le ,  x y lo s e ,  a e s c u l in  and  s a l i c i n .  Even w ith  th e s e  
schem es th e r e  has been  and s t i l l  i s  c o n s id e ra b le  d isag ree m en t a s  to  
w hich o f  th e  v a r io u s  b io ty p e s  a re  t r u e  Y. e n t e r o c o l i t i c a . F u r th e r  
work i s  c o n t in u in g  on th e  s e ro lo g y , g e n e t ic  and d e o x y r ib o n u c le ic  a c id  
homology a t  th e  r e q u e s t  o f  th e  sub-com m ittee  on P a s t e u r e l l a , Y e r s in ia  
and  F ra n c is e 1 1 a .
The p rop o sed  c l a s s i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a  s e n su  s t r i c t o  and 
th e  Y. e n t e r o c o l i t i c a - l i k e  organism s in c lu d e s  th e  nam ing o f  t h r e e  new 
s p e c ie s ,  Y. f r e d e r i k s e n i i  (U rsin g  e t  a l . 1 9 8 0 ), Y. in te rm e d ia  (B re n n e r 
e t  a l . 1980) and  Y. k r i s t e n s e n i i  (B e rc o v ie r  e t  a l . 1 9 8 0 b ). The
Biochemical characteristics of Y. enterocolitica
se n su  s t r i c t o  (B e rc o v ie r  e t  a l .  1980a)
T e s t
R e a c tio n  
a t  28°C *■ « + )
Neotype 
S t r a in  161
M o t i l i ty + o r  (+ ) 88 10 +
U rease + 99 0 +
In d o le v* 27 10 +
M ethyl r e d + o r  (+ ) 60 35
Voges P ro sk a u e r 90 8 +
Simmon's c i t r a t e - <1 0 -
C h r is te n s e n 's  c i t r a t e V 65 0 +
N i t r a t e  t o  N i t r i t e / t y p e +**/B 97/B 0 +/B
T e t r a th io n a te  r e d u c ta s e V* 35 0 +
O rn ith in e  d e c a rb o x y la se +** 97 0 +
^ - g a la c to s id a s e  (0NPG-) (37°C) +** 90 0 +
L ip a se  (Tween 80) V* 21 9 +
D eo x y rib o n u c lease V* 40 28 -
P o ly p e c ta te (+) 0 100 (+)
A cid p ro d u c tio n  from :
D -a rab in o se - <1 0 -
L -a ra b in o s e + 99 0 +
D -xy lose V* 26 15 +
G ala c to se + 99 0 +
L -so rb o se 90 4 +
D -c e llo b io s e + 99 0 +
M altose + 99 0 +
L ac to se - 8 15 -
D -m elib io se - <1 0 **
S ucrose • 98 0 +
D - tre h a lo s e +** 97 0 +
D -ra f f in o s e - <1 0 -
i - i n o s i t o l + o r  (+)** 70 21 +
D - s o r b i to l 97 0 +
A e sc u lin V 31 25 +
S a l i c in V 15 16 +
Amygdalin V 15 70 +
A rb u tin V 60 16 +
D e x tr in - 5 25 -
S ta rc h w 22 78 (+ )
+ = 90$ o r  more p o s i t i v e  w ith in  72 h ; (+ ) = 90$ o r  more p o s i t i v e  
betw een 4  an d  7 days; V = 10.1 -  8 9 .9 $  p o s i t i v e ;  -  = <10$ p o s i t i v e  
a f t e r  72 h ; * = r e a c t io n  v a r ie s  w ith  b io ty p e ;  ** = m ost n e g a t iv e  
s t r a i n s  b io ty p e  5 .
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d i f f e r e n t i a t i o n  o f  Y. e n t e r o c o l i t i c a  se n su  s t r i c t o  and th e s e  o th e r  
Y e r s in ia  sp p . i s  shown in  T ab le  5*
2 . S e ro lo g ic a l  i d e n t i f i c a t i o n
Y e r s in ia  e n t e r o c o l i t i c a  can  be s e ro ty p e d  by b o th  M0** and "HH 
a n t ig e n s .  H owever, a s  many o f  th e  **0M a n t ig e n s  sh a re  common HH,f 
a n t ig e n s  th e  s e ro ty p in g  scheme i s  b a sed  s o l e l y  on th e  so m atic  **0M 
a n t ig e n .  The s e ro ty p in g  scheme was o r i g i n a l l y  d ev e lo p ed  by  W inblad 
(1968) who i d e n t i f i e d  17 ”0° and  16 MHn a n t ig e n s .  I t  was l a t e r  ex ten d ed  
t o  34  M0" ty p e s  by  W auters e t  a l . (1971> 1972) and  a t  th e  p r e s e n t  tim e  
57 M0" a n t ig e n s  have been  re c o g n iz e d .
The r e l a t i o n s h i p  betw een s e r o lo g ic a l  ty p e  and  p a th o g e n ic i ty  i n  
humans i s  a s  co n fu sed  a s  th e  b io c h e m ic a l c l a s s i f i c a t i o n .  N e v e r th e le s s ,  
s e ro ty p e s  0 :3  (W auters* b io ty p e  3 o r  4 )  and  0 :9  (W au te rs1 b io ty p e  2) 
a r e  p re d o m in a n tly  a s s o c ia te d  w ith  human d is e a s e ,  b u t  s e v e r a l  o th e r  
ty p e s  in c lu d in g  0 :5> 27; 0 :6  and 0 :8  (w hich may be W auters* b io ty p e s  1 ,
2 o r  3 ) have a l s o  been  im p lic a te d  w ith  in c r e a s in g  f re q u e n c y . T here i s
a l s o  a  d i s t i n c t  g eo g rap h ic  d i s t r i b u t i o n  o f  th e  d i f f e r e n t  s e r o ty p e s .  
S e ro ty p e  0 :3  i s  p r e v a le n t  i n  E urope, J a p a n , South A fr ic a  and C anada,
s e ro ty p e  0 :9  i s  fo u n d  m a in ly  i n  E u rope , and 0 :5> 27; 0 :6  and  0 :8  i n
A u s t r a l i a ,  E u rope , Jap an  and  th e  USA.
3 . Phage ty p in g
M o lla re t  & N ic o l le  (1965) r e p o r te d  t h a t  b a c te r io p h a g e  h ad  been  
o b ta in e d  from  s t r a i n s  r e f e r r e d  to  a s  Y. e n t e r o c o l i t i c a  and  t h a t  th e y  
had  l y t i c  a c t i v i t y  a g a in s t  o th e r  s t r a i n s  w ith in  th e  g ro u p . I n  a  
l a t e r  s tu d y  N ic o l le  and co -w o rk ers  in v e s t ig a t e d  11 6 s t r a i n s  o f  Y. 
e n t e r o c o l i t i c a  from  man an d  a n im a ls  and found  a  h ig h  p e rc e n ta g e  t o  be 
ly s o g e n ic .  T here a l s o  ap p ea red  to  be some h o s t  s p e c i f i c i t y  o f  th e  
d i f f e r e n t  ty p in g  p a t t e r n s  (N ic o l le  e t  a l . 1 9 ^ 7 ). H ost s p e c i f i c i t y  
was co n firm ed  by  N ilehn  (1 969b) and N ilehn  & E r ic so n  (19 6 9 )• Nil&hn 
(1973) a l s o  showed th a t  th e r e  was a  v a r i a b le  g eo g rap h ic  d i s t r i b u t i o n  
o f  phage ty p e s .  The m a jo r i ty  o f  h e r  human i s o l a t e s  from  S c a n d in a v ia  
b e lo n g ed  to  phage group I I  and th o s e  from  Europe t o  phage g roup  I I I .  
N in e teen  o f  57 a n im a l s t r a i n s  w ere a ls o  th e  E uropean ty p e  I I I  and th e  
rem a in d e r o f th e  s t r a i n s  w ere d iv id e d  in t o  a n o th e r  t e n  d i f f e r e n t  
p a t t e r n s .  The s e r o lo g ic a l  and phage ty p e  g e o g ra p h ic a l d i s t r i b u t i o n
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i s  sum m arized i n  T ab le  6 .
T ab le  6
G eo g rap h ica l d i s t r i b u t i o n  o f  s e r o lo g ic a l  and 
phage ty p e s  o f  Y. e n t e r o c o l i t i c a
S ero ty p e
*0* Phage
G eographic
d i s t r i b u t i o n
*
5 ,2 7 X2 A u s t r a l i a
6 o r E urope , Jap an
8 Xo USA
9 X3
Europe
3 V II I E u ro p e , Japan
IXa South  A fr ic a
IXb Canada
4* A n t ib io t ic  s e n s i t i v i t y
I t  h as  been  su g g e s te d  t h a t  th e r e  m igh t be a  c o r r e l a t i o n  betw een  
s p e c i f i c  b io c h e m ic a l c h a r a c t e r i s t i c s  and  a n t i b i o t i c  s u s c e p t i b i l i t y  
p a t t e r n s  b u t th e r e  i s  no ev id en ce  to  s u p p o r t t h i s ,  N ileh n  (1967) 
r e p o r te d  t h a t  th e  m a jo r i ty  o f  28 ih a m n o se -n eg a tiv e  s t r a i n s  o f  Y. e n te r o ­
c o l i t i c a  from  b o th  human and an im al so u rc e s  and which she  t e s t e d  u s in g  
th e  p a p e r  d is c  method on b lo o d  a g a r  p l a t e s  w ere s e n s i t i v e  t o  s t r e p t o ­
m ycin 50 meg, t e t r a c y c l i n e  50 mcg , o x y te t r a c y c l in e  50 meg,
c h lo ra m p h en ico l 30 meg, n i t r o f u r a n to in  30 meg, c o l i s t i n  900 IU , 
n a l i d i x i c  a c id  30 meg, neom ycin 50 meg and sulphonam ide 2 .5  meg, b u t 
r e s i s t a n t  t o  m e t h i c i l l i n  30 meg, oleandom ycin  50 meg, n o v o b io c in  50 meg 
and f u c id i n  50 meg. Most s t r a i n s  were s l i g h t l y  s e n s i t i v e  to  a m p ic i l l in  
20 IU and  50$  o f  th e  s t r a i n s  w ere r e s i s t a n t  t o  e ry th ro m y c in  50 meg and 
b e n z y l p e n i c i l l i n  20 IU . C h e s te r  & S to tz k y  (1976) a l s o  u s in g  th e  d is c  
d i f f u s io n  m ethod found  a l l  t h e i r  rh a m n o se -p o s it iv e  s t r a i n s  o f  Y. e n te ro ­
c o l i t i c a  w ere s e n s i t i v e  t o  a m p ic i l l in  10 jig and c e p h a lo th in  30 pg b u t 
R aev u o ri e t  a l . (1 978) fo u n d  t h a t  o n ly  33% o f  t h e i r  rh a m n o s e -p o s it iv e  
Y. 'f e n te ro c o l i t ic a  s t r a i n s  and  on ly  22$ rh am n o se -n e g a tiv e  s t r a i n s  were 
s e n s i t i v e  to  a m p ic i l l in  8 yug and  1 and 7$  r e s p e c t iv e ly  s e n s i t i v e  to  
c e p h a lo th in .
H owever, t h e r e  does a p p e a r  to  b e  some te m p e ra tu re  r e l a t e d  v a r i a t i o n  
i n  th e  s u s c e p t i b i l i t y  t o  a n t i b i o t i c s  o f  d i f f e r e n t  s t r a i n s  o f  Y. e n te ro ­
c o l i t i c a . K ouw atli e t  a l .  (1979) have shown t h a t ,  g e n e r a l ly ,  s t r a i n s
w ere more s e n s i t i v e  t o  c e p h a le x in , c e p h a lo th in ,  c e p h a p ir in ,  c e p h e x i t in
o oand c e p h a z o lin  a t  37 th a n  a t  22 C and a  few  s t r a i n s  w ere s e n s i t i v e  to  
a m p ic i l l in  a t  37° and n o t a t  22°C. L ikew ise  th e s e  w orkers a l s o  showed 
t h a t  some s t r a i n s  o f  Y. e n t e r o c o l i t i c a  w ere more r e s i s t a n t  to  g e n ta m ic in , 
kanam ycin and r i f a m p ic in  a t  37° th a n  22°C.
5• P a th o g e n ic  i t y
G en e ra l. The mechanisms o f  p a th o g e n ic i ty  o f  Y. e n t e r o c o l i t i c a  a r e
------------  9
s t i l l  n o t c o m p le te ly  c l e a r .  In  a  human v o lu n te e r  ex p erim en t 3 .5  x  10
Y. e n t e r o c o l i t i c a / ml were ta k e n  o r a l l y  and  r e s u l t e d  in  e n t e r o c o l i t i s
w ith  a  m ild  (37*8°C) f e v e r .  Symptoms l a s t e d  f o r  f o u r  weeks and  th e
organ ism  was c u l tu r e d  from  fa e c e s  i n  a lm o s t p u re  c u l tu r e  d u r in g  t h i s
p e r io d  ( S z i t a  e t  a l . 1 9 7 3 ). C a r te r  (1973) p rod u ced  l a b o r a to r y
in f e c t io n s  i n  m ice w hich w ere c la im e d  t o  resem b le  c lo s e ly  a  n a t u r a l l y
a c q u ire d  human i n f e c t i o n .  Pathogen  f r e e  m ale m ice w ere c h a l le n g e d
0
i n t r a g a s t r i c a l l y  w ith  a p p ro x im a te ly  10 Y. e n t e r o c o l i t i c a . W ith in  
f i v e  days th e  P e y e r ’ s p a tc h e s  i n  th e  d i s t a l  ileum  showed s ig n s  o f  
s w e llin g  and  hyperaem ia and  th e  m e se n te r ic  lymph nodes became sw o lle n .
By th e  tw e l f t h  day l e s io n s  w ere seen  on th e  l i v e r ,  s p le e n  and  lu n g s .
S e ra  ta k e n  from  m ice s u rv iv in g  30 days e x h ib i te d  s i g n i f i c a n t  a g g lu t in ­
a t i o n  t i t r e s .
Une (1977a) d em o n stra ted  t h a t  i n  th e  r a b b i t ,  p a th o g e n ic  s t r a i n s  
o f  Y. e n t e r o c o l i t i c a  e a s i l y  p e n e t r a te d  th e  e p i t h e l i a l  l i n i n g  o f  th e
i n t e s t i n a l  mucous membrane in to  th e  t a r g e t  r e t i c u lo e n d o th e l i a l  
t i s s u e s  and m u l t ip l ie d  w ith in  m ononuclear c e l l s  and  p roduced  granulom a.
I n  view o f  th e s e  f in d in g s  Une su g g e s te d  t h a t  Y. e n t e r o c o l i t i c a  sh o u ld  
be in c lu d e d  i n  th e  c a te g o ry  o f  th e  in v a s iv e  ty p e  b a c t e r i a  such  a s  
S h ig e l la  and  some S a lm o n e lla .
The same w orker (Une 1 977b) a l s o  showed th a t  th o s e  s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  w hich had  p roduced  e x p e r im e n ta l e n t e r o c o l i t i s  i n  
r a b b i t s  a l s o  h ad  th e  a b i l i t y  t o  p e n e t r a te  HeLa c e l l s  and to  s u rv iv e  o r  
m u l t ip ly  w i th in  m acrophages. E xcept f o r  one s t r a i n  t e s t e d  a l l  th o s e  
w hich f a i l e d  to  p roduce  p a th o lo g ic a l  changes in  th e  r a b b i t  a l s o  f a i l e d  
to  p e n e t r a te  HeLa c e l l s .  S im i la r  f in d in g s  a r e  a l s o  r e p o r te d  by  Zen- 
Y o ji (1 9 7 8 ).
E n te ro to x in . S e v e ra l w orkers have s tu d ie d  an  e n te ro to x in  p ro d u ced  by  
some s t r a i n s  o f  Y. e n t e r o c o l i t i c a  and fo u n d  i t  to  be h e a t  s t a b l e  a t  
100°C f o r  15 m in , a c t i v e  in  th e  s u c k lin g  mouse and r a b b i t  i l e a l  lo o p  
sy s tem , b u t n o t i n  th e  Y1 a d re n a l  c e l l  a s s a y  and a l s o  a s  a c t i v e  i n  th e  
6 h  r a b b i t  i l e a l  lo o p  a s  i n  th e  18 h a s s a y .  These c h a r a c t e r i s t i c s  
su g g e s t t h a t  th e  e n te r o to x in  o f  Y. e n t e r o c o l i t i c a  i s  s im i l a r  t o  t h a t  
E . c o l i  (P a i  & Mors 1 9 7 8 ) . Boyce e t  a l . (1979) a l s o  fo u n d  t h a t  
Y. e n t e r o c o l i t i c a  e n te r o to x in  was s im i la r  to  t h a t  o f  E . c o l i  e n te r o ­
to x in  i n  i t s  a b i l i t y  to  r e s i s t  a  low  pH (pH 1 .0 )  b u t w hereas E . c o l i  
e n te ro to x in  was d e s tro y e d  a t  pH 1 1 .0  t h a t  o f  Y. e n t e r o c o l i t i c a  was 
u n a f f e c te d .  E n te ro to x in s  from  b o th  o rgan ism s w ere m ethano l s o lu b le .
I n  a  l a t e r  s tu d y  Mors & P a i (1980) exam ined 88 s t r a i n s  o f  Y. 
e n t e r o c o l i t i c a  f o r  h e a t  s t a b l e  to x in  p ro d u c tio n  and a b i l i t y  t o  p e n e t r a te  
HeLa c e l l s  and  evoke k e r a t o c o n ju n c t iv i t i s  in  g u in e a  p ig s  (S e ren y  t e s t ) .  
They were a b le  t o  c l a s s i f y  th e  s t r a i n s  i n  t o  f i v e  groups a c c o rd in g  t o  
t h e i r  p o t e n t i a l  p a th o g e n ic  p r o p e r t i e s  (T ab le  7 ) .  Most o f  s e ro ty p e s  
0:3> 0 :9  and 0 : 5 ,2 7  be longed  t o  group 4  and none to  groups 1 , 2 o r  5 ,  
b u t s e ro ty p e  0 :8  s t r a i n s  w ere d iv id e d  betw een groups 4  and 5« O th er 
s e ro ty p e s  w ere p r im a r i ly  g roups 1 and 2 .  A ll  i s o l a t e s  b e lo n g in g  t o  
s e ro ty p e s  0 :3 ,  0 :8 ,  0 :9  and  0 . 5 ,2 7  and  o n ly  5 o f 39 s t r a i n s  o f  o th e r  
s e ro ty p e s  w ere HeLa p o s i t i v e .  Only s t r a i n s  o f  s e ro ty p e  0 :8  w ere 
S ereny  p o s i t i v e  and h e a t s t a b l e  e n te r o to x in  was p roduced  by a l l  s e r o ­
ty p e s .  The a b i l i t y  o f  o n ly  c e r t a i n  s t r a i n s  to  invade  HeLa and  o th e r  
mammalian e p i t h e l i a l  c e l l s  i s  f u r t h e r  d e s c r ib e d  by  Lee e t  a l . (1 9 7 7 ) , 
P ederso n  e t  a l . ( l 9 7 9 ) ,  K apperud (1980b) and  Okamoto e t  a l . (1 9 8 0 ) .
T hese l a t t e r  w orkers  a l s o  r e p o r te d  t h a t  th e  a d h e s io n  o f  Y. e n t e r o c o l i t i c a
.Table 7
P a th o g e n ic  c l a s s i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a  
a c c o rd in g  to-M ors & P a i (1980)
P r o p e r t i e s  o f  e n te ro to x in
Group
H eat HeLa Sereny
s t a b l e  in v a s iv e  t e s t
2 +
3 +
4 +  +  —
5 + +  +
+ = p o s i t i v e  r e a c t io n ; = n e g a t iv e  r e a c t io n
t o  v a r io u s  c e l l  t i s s u e s  in c lu d in g  HeLa, FL, Y 1 a d r e n a l ,  human 
i n t e s t i n e  and human c o n ju n c tiv a  was te m p e ra tu re  dependent an d  o c c u rre d  
a t  25° b u t n o t  a t  37°C. Kapperud (1980a) a l s o  r e p o r te d  some tem p­
e r a tu r e  dependen t v a r i a t i o n s  i n  to x in  p ro d u c tio n *
I t  h as  been  shown t h a t  in v a s iv e n e s s  a s  in d ic a te d  by th e  S ereny  
t e s t  may be p la sm id  a s s o c ia te d  a s  th e  p re s e n c e  o f a  p a r t i c u l a r  s p e c ie s  
o f  p la sm id  DNA h a s  been  shown to  c o r r e l a t e  w ith  a  p o s i t i v e  S ereny  t e s t  
(Z in k  e t  a l . 1978; Gemski e t  a l .  1980; P o rtn o y  e t  a l . 1 9 8 1 ).
P a i e t  a l . (1978) found  t h a t  e n te r o to x in  p ro d u c tio n  was more 
p r e v a le n t  i n  s t r a i n s  i s o l a t e d  from  humans th a n  th o s e  i s o l a t e d  from  fo o d , 
w a te r  o r  an im a ls  b u t  t h a t  s e ro ty p e s  0 : 3 ,  0 :8 ,  0 : 5 , 2 7 , 0 : 6:30  and 0 :9  
w hich a re  o f te n  i s o l a t e d  from  human in f e c t i o n  w ere a lm o st a lw ays e n te ro ­
to x ig e n ic .
F o llo w in g  th e  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :8  o u tb re a k  i n  th e  USA 
(B lack  e t  a l .  1978) i n  w hich m ilk  was found  t o  be th e  v e h ic le  o f  
i n f e c t i o n ,  sev en  o f  e ig h t  o f  th e  s t r a i n s  i s o l a t e d  w ere fo u n d  t o  be 
to x ig e n ic  and  th e  q u e s tio n  o f  p re -fo rm e d  to x in  was r a i s e d  (Boyce e t  a l . 
1 9 7 9 ) . F ra n c is  e t  a l . (1980) exam ined 36 s t r a i n s  o f  Y. e n t e r o c o l i t i c a
( i s o l a t e d  from  raw m ilk ) f o r  e n te r o to x in  p ro d u c tio n  i n  m ilk  an d  r e p o r te d
, o . o
t h a t  3 o f  36 s t r a i n s  p ro d u ced  e n te ro to x in  a t  25 b u t n o t a t  4  C.
However, K apperud & L angeland  (1 981) have r e p o r te d  t h a t  some o f  t h e i r
s t r a i n s  o f  Y. e n t e r o c o l i t i c a  and  Y - e n te r o c o l i t i c a - l i k e  o rgan ism s d id
produce to x in  a t  r e f r i g e r a t i o n  te m p e ra tu re  and th e r e f o r e  may be  c a p a b le
o f  c a u s in g  fo o d  in t o x ic a t io n  a f t e r  fo o d  s to ra g e  a t  r e f r i g e r a t i o n
te m p e ra tu re .
C. D is t r ib u t i on o f  Y e r s in ia  e n t e r o c o l i t i c a  in  fo o d s ,  f a e c e s ,  an im als
and  th e  env ironm ent
I t  i s  n o t  y e t  c l e a r  j u s t  how w id esp read  Y. e n t e r o c o l i t i c a  i s  i n  
fo o d s ,  f a e c e s ,  an im a ls  and  th e  en v iro n m en t. But t h e r e  have been  an  
in c r e a s in g  number o f  r e p o r t s  from  E urope , A s ia ,  The A m ericas and 
A u s t r a la s ia  o f  th e  i s o l a t i o n  o f  th e  organ ism  from  th e s e  s o u rc e s .
However, th e r e  have o n ly  b een  two p u b lis h e d  r e p o r t s  o f  th e  i s o l a t i o n  
o f  t h i s  o rgan ism  i n  th e  UK, from  a  bush  baby (M air e t  a l . 1970) and  
b u d g e r ig a rs  (G ile s  & C a r te r  1 9 8 0 ).
S ince 1 974 th e  W orld H e a lth  O rg a n iz a tio n  R efe ren ce  C en tre  i n  P a r is  
h as  been  c o l l e c t i n g  d a ta  and  c u l tu r e s  o f  Y. e n t e r o c o l i t i c a  from  .sources 
th ro u g h o u t th e  w orld  b u t i t  i s  o b v io u s ’t h a t  n o t a l l  s t r a i n s ’ have" 
been  d e p o s i te d  w ith  them a s  many i s o l a t i o n s  r e p o r te d  in  th e  l i t e r a t u r e  
a r e  n o t  c i t e d  i n  t h e i r  summaiy (M o lla re t e t  a l . 1 9 7 9 ).
1 .  Foods
The l a r g e s t  number o f  i s o l a t i o n s  o f  Y. e n t e r o c o l i t i c a  have  b een  
made from  raw  m e a ts . L e i s tn e r  e t  a l . (1975) i a  Germany exam ined 215 
sam ples o f  meat in c lu d in g  p o u l t r y  (1 2 1 ) ,  po rk  (2 9 ) ,  b e e f  meat (37 ) and  
raw f r y in g  sa u sag e  (R ohw urst) (28 ) and  i s o l a t e d  Y. e n t e r o c o l i t i c a  and  
Y. e n t e r o c o l i t i c a - l i k e  o rgan ism s from  56  (46$ ) ,  10 (35%) , 6 (16$ ) an d  
1 (4$ ) r e s p e c t iv e l y .  F i f t y  o f  th e  73 s t r a i n s  i s o l a t e d  w ere Y. e n te ro ­
c o l i t i c a  " in  th e  s t r i c t  s e n s e " .  Nine d i f f e r e n t  s e ro ty p e s  were 
i d e n t i f i e d ,  t h e  most f r e q u e n t  ty p e  b e in g  s e ro ty p e  0 :6  fo llo w e d  by  0 :5  
and  many o f  th e  s t r a i n s  w ere s e r o lo g i c a l l y  n o n - ty p a b le .  A 4 $  i s o l a t i o n  
r a t e  o f  Y. e n t e r o c o l i t i c a  from  comminuted tu rk e y  m eat h as  b een  r e p o r te d  
i n  t h e  USA (G u th e r tz  e t  a l .  1 9 7 6 ). Hanna e t  a l . (1976) i s o l a t e d  1 0 ^ -r g
10 Y. e n t e r o c o l i t i c a  p e r  cm from  10 /105  (9*5%) c u ts  o f  vacuum packed  
b e e f  and  2 /3 4  (6$) lamb c u ts  w hich had  been  s to r e d  a t  1°-3°C  f o r  up to  
35 d a y s . Most o f  th e s e  s t r a i n s  w ere s e r o lo g i c a l l y  n o n - ty p a b le .
N orberg (1981) i s o l a t e d  Y. e n t e r o c o l i t i c a  from  20 o f  82 f ro z e n  
w hole ch ick en  exam ined. T hree  o f  th e  i s o l a t e s  b e lo n g ed  t o  s e ro ty p e  
0 :6  and  th r e e  more t o  s e ro ty p e s  0 :4 ,  0 :5 b  and 0 :8 .  The rem a in in g  
s t r a i n s  w ere n o t ty p a b le .
Y e rs in ia  e n t e r o c o l i t i c a - " re sem b lin g "  o rgan ism s have been  re c o v e re d
7
a t  l e v e l s  o f  10 / g  on h ig h  pH ( >  pH 6 .0 )  vacuum packaged  b e e f  s t r i p
0 0  5 /l o i n s  h e ld  f o r  s ix  weeks a t  0 -2  C b u t  o n ly  a t  l e v e l s  below  10 / g  on
norm al pH (pH< 6 .0 )  s t r i p  l o i n s  h e ld  f o r  t e n  weeks (S e e ly e  & Y earbury 
1 979) • I n  a  C anadian su rv e y  o f  r e t a i l  p o rk  p ro d u c ts  5 /6 9  (l%) 
p ro c e s s e d  and 63/128 (49$) raw p o rk  p ro d u c ts  w ere found t o  c o n ta in  
Y. e n t e r o c o l i t i c a .  T h ir ty - tw o  o f  80 (40$ ) i s o l a t e s  w ere s e r o -  
ty p a b le  w ith  ty p e s  0 :3  and 0 :5  o c c u r r in g  m ost f r e q u e n t ly .  Sero type 
0 :3  was i s o l a t e d  o n ly  from  th e  raw m eats (Schiem ann 1 9 8 0 a ) .
Schiem ann & Toma (1978) i s o l a t e d  Y. e n t e r o c o l i t i c a  from  29/131 
(22$) raw  m ilk  sam ples exam ined . T h i r te e n  o f  th e s e  i s o l a t e s  w ere 
s e ro ty p a b le  and  b e lo n g ed  to  seven  d i f f e r e n t  n0" s e ro ty p e s  in c lu d in g  
0 :6 ,3 0 ,  0 :1 4  and  0 :1 5  and 0 :5 ,  w ith  0 :5  o c c u r r in g  most f r e q u e n t ly .  
S c h ie m a n n 9 7 8 a )  h a s  a l s o  i s o l a t e d  th e  o rgan ism s from  p a s te u r iz e d  
f l u i d  d a i ry  p ro d u c ts  ( 0 .4 $ ) ,  c h e e se  cu rd  (9 .2 $ )  and a  f u r t h e r  s tu d y  o f 
raw m ilk  sam ples p rod u ced  an 1 8 .2 $  Y. e n t e r o c o l i t i c a  i s o l a t i o n  r a t e .
Most o f  th e  c u rd  sam ples showed a  p o s i t i v e  p h o sp h a ta se  t e s t  in d i c a t i n g  
t h e i r  p ro d u c tio n  was from  raw  m ilk . One sam ple o f c h ee se  y ie ld e d  Y. 
e n t e r o c o l i t i c a  a f t e r  f o u r  weeks s to r a g e  a t  4°C b u t was n e g a t iv e  a f t e r  
e ig h t  w eeks. The fo u r  d i f f e r e n t  s e ro ty p e s  i s o l a t e d  in c lu d e d  0 :6 ,3 0  
b u t n o t 0 :5 .
Y e r s in ia  e n t e r o c o l i t i c a  h as  a l s o  been  i s o l a t e d  from  b o th  raw  and  
p a s te u r i z e d  m ilk  and  a  d a i r y  f a c to r y  h o ld in g  v a t  i n  A u s t r a l i a .  Many 
o f  th e  s t r a i n s  i s o l a t e d  w ere s e ro ty p e  0 :5*  Some were s e ro ty p e s  0 :5 b , 
0 :6 ,  0 :1 3 / l 5  aud 0 :2 3 /1 5 , and  th e  re m a in d e r w ere n o n - ty p a b le  (Hughes 
1979, 1 9 8 0 ) .
More r e c e n t ly  Y. e n t e r o c o l i t i c a  h a s  been  i s o l a t e d  from  A u s t r a l i a n  
raw g o a ts  m ilk  (Hughes & Je n se n  1 9 8 1 ). Many o f  th e  i s o l a t e s  fe rm e n ted  
rham nose b u t  some resem b led  b io ty p e s  1 o r  2 .
S ix ty -o n e  o f  71 raw m ilk s  from  a  d a i ry  i n  E a s te rn  F ran ce  w ere 
found  co n tam in a ted  w ith  Y. e n t e r o c o l i t i c a . o f  w hich 40 o f  61 i s o l a t e s  
were b io ty p e  1 and  se ro ty p e  0 :5  p red o m in a ted  (V idon & Delmas 1 9 8 1 ) .
In  C ze c h o slo v a k ia , A ldova e t  a l . (1975) found  Y. e n t e r o c o l i t i c a  
i n  v a r io u s  fo o d s  in c lu d in g  cream , i c e  cream , p ro c e s s e d  m eat p ro d u c ts ,  
I t a l i a n  ty p e  s a la d  and egg m ayonnaise. Many s t r a i n s  w ere s e r o lo g i c a l l y  
n o n - ty p a b le  b u t th o s e  which w ere i d e n t i f i e d  in c lu d e d  s e ro ty p e s  0 :3  
(from  p a t e ) ,  0 :5 ,  010 , K1 and  0 :1 4 . S e ro ty p e  0 :5  b e in g  found  most 
f r e q u e n t ly .
From tim e  to  tim e se a fo o d  has been  shown to  be co n ta m in a te d  w ith  
Y. e n t e r o c o l i t i c a .  Spadaro & In fo r tu n a  (1 968) i s o l a t e d  th e  o rgan ism
from  1$  o f  m u sse ls  ta k e n  from  th e  s ta g n a n t  w a te rs  o f  an  I t a l i a n  la k e  
and w hich  was b a d ly  d ra in e d  t o  th e  sea  by a  narrow  c a n a l .  Kapperud 
& Jo n sso n  (1976) i s o l a t e d  Y. e n t e r o c o l i t i c a  from  3 /2 0  Norwegian brown 
t r o u t  and  P e ix o t to  e t  a l . (1979) d e te c te d  th e  organism  in  6 /45  (13%) 
o y s te r s ,  2 /5 0  (4$ ) sh rim ps and 12/50  (21$) c ra b  sam ples.
In  a d d i t io n  t o  th e s e  r e p o r t s  th e  7/HO R efe re n ce  C en tre  l i s t s  
c h o c o la te  m ilk ,  w hich was r e s p o n s ib le  f o r  a  p roven  o u tb re a k  in  th e  
USA, w hipped cream , b la c k  pudd ing  and  v a r io u s  v e g e ta b le s  in c lu d in g  
c a r r o t s ,  to m a to e s , g reen  s a l a d s ,  c o a rs e  s a l a d s ,  b e e t ro o t  and  mushrooms 
a s  i ia v in g  been  fo u n d  co n tam in a ted  w ith  Y. e n t e r o c o l i t i c a  (M o lla re t  
e t  a l . 1 9 7 9 ).
2 . F aeces  o f  h e a l th y  humans
P o t e n t i a l l y  p a th o g e n ic  b a c t e r i a  a r e  n o t in f r e q u e n t ly  c a r r i e d  by 
h e a l th y  humans w ith o u t any  a p p a re n t s ig n s  o r  symptoms a n d , a s  th e  few  
s tu d ie s  which have been  c a r r i e d  ou t have shown, Y. e n t e r o c o l i t i c a  i s  
no e x c e p tio n .
Asakawa e t  a l . (1979) c o l l e c t e d  4673 f a e c a l  sam ples from  h e a l th y  
humans in c lu d in g  3643 fo o d  h a n d le rs  and  1030 sc h o o l c h i ld r e n .  The 
h ig h e s t  c a r r i a g e  r a t e  was am ongst th e  k in d e rg a r te n  ag e  group o f  
c h i ld r e n  w ith  1 .4 $  ( 9/ 627) fo llo w e d  by b u tc h e r  fo o d  h a n d le r s  0 .8 7 $  
(5/ 571 ) ,  p r im a ry  sc h o o l age c h i ld r e n  0 .4 9 $  (2 /4 0 3 ) and  th e  lo w e s t r a t e  
was am ongst o th e r  fo o d  h a n d le rs  0 .0 6 $  (2 /3 0 7 2 ) .  None o f  th e s e  c a r r i e r s  
showed any symptoms o f  c l i n i c a l  i l l n e s s .  The 18 i s o l a t e s  b e lo n g e d  to  
s e ro ty p e s  0 :3  ( 3 ) ,  0 :4  ( 1 ) ,  0 :5  ( 4 ) ,  0 :6  (4 ) ,  0 :7  (2 ) and  0 :1 4  ( 4 ) .
I n  Norway, K apperud (1 980£) sam pled  397 presum ed h e a l th y  s tu d e n t s  
d u r in g  A p ril-S e p te m b e r  1979 . Tw enty s t r a i n s  o f  Y. e n t e r o c o l i t i c a  and  
Y. e n t e r o c o l i t i c a - l i k e  o rgan ism s w ere i s o l a t e d  from  te n  (3 $ ) o f  th e s e  
s tu d e n t s .  S ix  o f  th e  s tu d e n ts  h a rb o u re d  two to  f o u r  a n t i g e n i c a l l y  
d i s t i n c t  s t r a i n s .  The 14 ty p i c a l  Y. e n t e r o c o l i t i c a  s t r a i n s  r e p r e s e n te d  
f i v e  d i f f e r e n t  s e ro ty p e s  w hich were 0 :4 ,  0 :5 ,  0 :6 ,  0 :7 ,  8 and  0 :1 3 ,7 ;  
some s t r a i n s  w ere n o t ty p a b le .  The rem a in in g  s ix  s t r a i n s  showed 
a t y p i c a l  r e a c t io n s  o f  one o r  more o f  th e  fo llo w in g  c h a r a c t e r i s t i c s  ; 
rham nose, s u c ro s e ,  c e l lo b io s e  and s o rb o s e , and  w ere d e s ig n a te d  Y. 
e n t e r o c o l i t i c a - l i k e . The s t r a i n s  re c o v e re d  in  t h i s  su rv e y  w ere s i m i l a r
t o  s t r a i n s  p re v io u s ly  i s o l a t e d  from  w ild  l i v i n g  mammals, f i s h  an d  w a te r  
i n  S c a n d in a v ia .
An e c o lo g ic a l  s tu d y  o f  Y. e n t e r o c o l i t i c a  i n  F rance in c lu d e d  th e  
e x am in a tio n  o f  h e a l th y  humans from  r u r a l  a r e a s .  Two su rv e y s  were 
c a r r i e d  ou t i n  w hich a  t o t a l  o f 182 f a e c e s  from  c h i ld r e n  in  two 
s c h o o ls  w ere exam ined. A lthough i t  i s  n o t shown how many d i f f e r e n t  
c h i ld r e n  th e s e  182 sam ples r e p re s e n te d  i t  i s  s t r e s s e d  t h a t  th e  s ix  
i s o l a t e s  i n  th e  f i r s t  su rv ey  w ere from  d i f f e r e n t  c h i ld r e n  to  th e  two 
i s o l a t e d  i n  t h e  second su rv e y  (A lonso e t  a l . 1 9 7 9 ).
I n  th e  i n t e r - f a m i l i a l  o u tb re a k  d e s c r ib e d  by  Gutman e t  a l . (1 973)
2/31 c o n t r o l  p e rso n s  exam ined w ere found  to  b e  e x c re t in g  Y. e n te r o ­
c o l i t i c a  w hich were s e r o lo g i c a l l y  d is t i n g u is h a b le  from  th e  o u tb re a k  
s t r a i n .  In  a  fa m ily  o u tb re a k  i n  th e  UK th e  husband o f  th e  p a t i e n t  
was fo u n d  t o  be  sym ptom lessly  e x c r e t in g  th e  same s e ro ty p e  ( 0 :3 )  a s  th e  
p a t i e n t  (HiLS Communicable D isease  S u rv e i l la n c e  C e n tre , u n p u b lish e d  
d a t a ) .
3 .  A nim als
The "WHO R efe re n ce  C en tre  i n  P a r is  h as  r e c e iv e d  c u l tu r e s  and  r e p o r t s  
o f  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  a  w ide r a n g e  o f  a n im a ls  a l l  
o v e r  th e  w o rld . The a n im a ls  from  w hich th e  organism  h a s  been  i s o l a t e d  
w ere f r e q u e n t ly  h e a l th y  c a r r i e r s  and in c lu d e d  dogs (3 5 ) ,  c a t s  ( 4 1 ) ,  
sw ine (2 5 0 ) ,  g o a ts  ( 6 0 ) ,  c a t t l e  ( 4 8 ) ,  e lk  ( 2 2 ) ,  monkeys (2 1 ) ,  h a re s  (201) 
r a b b i t s  ( 1 5 ) ,  c h i n c h i l l a  (180) and  sm a ll num bers ( < 1 0  o f  e a c h ) o f  h o rs e s  
f o x e s ,  m ink, o c e l o t ,  ra c o o n , sh e e p , cam el, d e e r  and g u in ea  p ig s .  A 
t o t a l  o f  500  w ild  r o d e n ts ,  r e p r e s e n t in g  20 d i f f e r e n t  s p e c ie s ,  from  
C ze c h o slo v a k ia , Sweden, Norway, F in la n d ,  Denmark, F ra n c e , J a p a n , P o land  
and Romania have a l s o  been  r e p o r te d  in f e c t e d  w ith  Y. e n t e r o c o l i t i c a .
The o rgan ism  h a s  been  i s o l a t e d  t o  a  l e s s e r  e x te n t  from  c h ic k e n s ,  g e e s e ,  
d u c k s , p ig e o n s , sp a rro w s , g o ld f i s h ,  c a n a r i e s ,  g ro u s e , b u n t in g ,  la p w in g  
and f in c h  (36  i n  a l l )  an d  a l s o  from  t r o u t ,  p e rc h ,  ro a c h , s n a i l s ,  f r o g s ,  
o y s t e r s ,  s e a g u l l s  and f l e a s  (47 t o t a l )  (M o lla re t  e t  a l . 1 9 7 9 ) . I n  
a d d i t io n  Y. e n t e r o c o l i t i c a  h a s  been  i s o l a t e d  from  m u sse ls  (S padaro  & 
In fo r tu n a  1 9 6 8 ) , shrim p and c ra b  (P e ix o t to  e t  a l . 1979) and  b u t te r c la m s  
(Munger e t  a l .  1 9 8 0 ). In  th e  UK th e r e  a r e  p u b lis h e d  r e p o r t s  o f  i n f e c t ­
io n  i n  a  bush baby (G alago) (M air e t  a l . 1970) and when 25 o f  26 
b u d g e r ig a rs  i n  an  a v ia ry  w ere found  dead  Y. e n t e r o c o l i t i c a  s e ro ty p e  
0 :6 ,3 0  was i s o l a t e d  from  th e  s i x  b i r d s  exam ined (G ile s  & C a r te r  1 9 8 0 ) .
The r o l e  o f th e  f l y  i n  t r a n s m is s io n  o f  Y. e n t e r o c o l i t i c a  h a s  been  
in v e s t ig a t e d  by Fukushima e t  a l . ( i  979) who i s o l a t e d  th e  o rgan ism  from  
f l i e s  c a p tu re d  on f l y  p a p e rs  w hich had  been  hung in  f i v e  farm  p ig g e r ie s  
and  a l s o  from  s im i la r  p a p e rs  and  p ie c e s  o f  ham hung in  th e  k i tc h e n s  o f  
th e  same fa rm s .
I t  i s  n o t p o s s ib le  t o  compare th e  r e s u l t s  o f  d i f f e r e n t  w orkers  
u s in g  b o th  d i f f e r e n t  sam pling  te c h n iq u e s  and i s o l a t i o n  m ethods.
M o lla re t  e t  a l . (1979) s t a t e  c l e a r l y  t h a t  b eca u se  o f  th e  w ide v a r i e t y  
o f  te c h n iq u e s  u sed  f o r  i s o l a t i o n  and th e  n a tu re  o f  th e  sam ples exam ined 
t h a t  i t  i s  im p o ss ib le  to  g iv e  any  a c c u ra te  e s t im a te  o f  th e  c a r r i a g e  o f  
Y. e n t e r o c o l i t i c a  i n  a n im a ls ,  sm a ll w ild  mammals o r  b i r d s .  T hese 
w ork ers  even f e l t  t h a t  th e r e  was no p ro o f  o f  th e  an im a l o r ig i n  o f  
human i n f e c t i o n s .  However, t h e  p redom inan t human se ro g ro u p  0 :3  b a s  
b een  d e te c te d  f r e q u e n t ly  i n  sw ine and  many i n v e s t ig a t o r s  have s p e c u la te d  
t h a t  t h i s  an im al m ight be th e  c h i e f  r e s e r v o i r  and an  im p o rta n t so u rc e  
o f  human Y. e n t e r o c o l i t i c a  i n f e c t i o n  (Ahvonen & R o ss i 1970; E s se v e ld  
& Goudzwaard 1973; Rabson & K oornhof 1973; Tsubokura e t  a l . 1973; 
Z en -Y o ji e t  a l .  1 9 7 4 ).
4 .  S o i l  and w a te r
The WO R efe ren ce  C e n tre  (M o lla re t e t  a l . 1979) have r e p o r te d  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  th e  s o i l  o f  a  d a i ry  i n  Czecho­
s lo v a k ia ,  th e  p r a i r i e s  in  F ra n c e , r i v e r s  and ponds (100) i n  Norway, 
C z e c h o slo v a k ia , USA, Denmark and F ra n c e , sew ers (250) and  d r in k in g  
w a te r  (20 ) i n  Norway, Jap an  and  C zec h o slo v ak ia . S a a r i  & Ja n se n  (1979) 
exam ined 231 r i v e r  sam ples ta k e n  in  C olorado and  W isconsin  and i s o l a t e d  
140 s t r a i n s  o f  Y. e n t e r o c o l i t i c a . T w en ty -th ree  s e ro ty p e s  w ere i d e n t i f i e d  
in c lu d in g  0 :3*  0 : 6 ,3 0  and 0 :8  a lth o u g h  th e  m ost f r e q u e n t ly  o c c u r r in g  
ty p e s  w ere 0 :4*32 , 0 :4 ,3 3  (13$) fo llo w e d  by  0 :2 ,3  (9%)t 0 :1 6  (4 $ ) an -^ 
0 :1 7  (4$) and  43,$ w ere s e r o lo g i c a l l y  n o n - ty p a b le .
I n  Canada Y. e n t e r o c o l i t i c a  h as  been  i s o l a t e d  from  43 s u r f a c e  and
w e ll  w a te rs  and  one m u n ic ip a l s u p p ly . Most o f  th e  i s o l a t e s  w ere 
rh a m n o s e -p o s it iv e .  E ig h te e n  s t r a i n s  (38$) were s e r o ty p a b le ,  r e p ­
r e s e n t in g  n in e  d i f f e r e n t  ty p e s  w ith  0 :4  o c c u r r in g  m ost f r e q u e n t ly  
fo llo w e d  by  0 :6 ,3 0 .  The w a te r  i s o l a t e s  o f  s e ro ty p e s  0 :6 ,3 0  re se m b le d
human s t r a i n s  o f  th e  same ty p e  (Schiem ann 19 7 8 b ).
Y e r s in ia  e n t e r o c o l i t i c a  h as  a l s o  been  i s o l a t e d  from  w a te r  s u p p l ie s
d u r in g  in v e s t ig a t io n s  f o r  s u sp e c te d  w a te rb o rn e  o u tb re a k s  o f  g a s t r o ­
i n t e s t i n a l  d is e a s e .  H ig h sm ith  e t  a l .  (1977) in v e s t ig a t e d  th e  w a te r  
su p p ly  to  a  m ountain  s k i  r e s o r t  a f t e r  750 c a se s  o f  a c u te  g a s t r o ­
e n t e r i t i s  o c c u rre d  and i s o l a t e d  N ile h n 1s b io ty p e  1 from  s e v e r a l  w e ll  
w a te rs  sam pled ov er t h r e e  d a y s . F iv e  o f  th e  19 s t r a i n s  i s o l a t e d  
w ere s e ro ty p a b le  and  in c lu d e d  ty p e  0 :3*  I t  was n o te d  t h a t  th e  
p re se n c e  o r  absence  o f  c o l ifo rm s  was n o t a  r e l i a b l e  in d i c a t i o n  o f th e  
p re s e n c e  o r  ab sen ce  o f  Y. e n t e r o c o l i t i c a .
I n  Denmark s e ro ty p e  0 :3  was i s o l a t e d  from  w e ll  w a te r  w hich had  
been  u sed  f o r  th e  p r e p a r a t io n  o f  a  baby*s f e e d .  The baby had been  
d ia g n o sed  s e r o lo g i c a l l y  t o  have been  in f e c te d  w ith  th e  same ty p e  
(C h r is te n s e n  1 9 7 9 ) .
D. Media and methods for the isolation of Yersinia enterocolitica
As w ith  m ost p a th o g en s  w hich a r e  a s s o c ia te d  w ith  fo o d  p o iso n in g  
th e  m ost e x te n s iv e  work on m ethods and  m edia f o r  i s o l a t i o n  o f  Y. e n te ro ­
c o l i t i c a  h a s  been  c a r r i e d  o u t on c l i n i c a l  sp ec im en s. The p ro c e d u re s  
w hich a r e  s u c c e s s f u l  f o r  i s o l a t i o n  from  c l i n i c a l  sam ples a r e  n o t 
n e c e s s a r i l y ,  and  i n  f a c t  seldom  a r e ,  th e  b e s t ,  f o r  i s o l a t i o n  from  fo o d s .
I n  th e  human d is e a s e  s i t u a t i o n  la r g e  num bers o f  o rgan ism s a r e  e x p ec ted  
to  be p r e s e n t  a t  l e a s t  d u r in g  th e  e a r ly  s ta g e s  o f  th e  i l l n e s s  and  
i s o l a t i o n  i s  u s u a l ly  p o s s ib le  u s in g  th e  d i r e c t  p l a t i n g  te c h n iq u e .
U n less th e  e n t e r i c  p a th o g en s c o n ta m in a tin g  a  fo o d  have been  a b le  to  
grow t o  l a r g e  numbers b r o th  m edia m ust b e  u sed  w hich w i l l  be c a p a b le  o f  
p rom oting  th e  grow th o f  a s  few  a s  one o r  two organism s i n  25-50 g o f  
sam p le . The m a jo r i ty  o f  fo o d s  c o n ta in  a  w id e r v a r i e ty  o f  non—p a th o g e n ic  
b a c t e r i a  th a n  c l i n i c a l  sp ec im en s , and th e s e  w i l l  m u l t ip ly  i n  th e  b ro th  
m edia and  may overgrow  any p a th o g en s  p r e s e n t  u n le s s  a  s e l e c t i v e  a g e n t i s  
em ployed. Many w orkers have u sed  t o  ad v a n ta g e  t h e  a b i l i t y  o f  Y. e n te r o ­
c o l i t i c a  to  grow a t  4°C a s  a n  a i d  t o  th e  en rich m en t o f  t h i s  o rg an ism .
A number o f  th e  a g a r  and  b ro th  m edia commonly used  f o r  t h e  i s o l a t i o n  
S a lm o n e lla , S h ig e l la  and o th e r  e n t e r i c  p a th o g en s  have been  t r i e d ,  w ith  
v a ry in g  s u c c e s s ,  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a . R e c e n tly  s e v e r a l  
w orkers  have a t te m p te d  to  fo rm u la te  m edia s p e c i f i c a l l y  f o r  th e  p u rp o se  o f  
i s o l a t i n g  t h i s  o rg an ism . T hese new m edia have e i t h e r  been  o f  th e  
d i f f e r e n t i a l  ty p e ,  depend ing  on a  b io c h e m ic a l o r  m e ta b o lic  c h a r a c t e r i s t i c  
o f  Y. e n t e r o c o l i t i c a  f o r  i d e n t i f i c a t i o n ,  o r  th e  s e l e c t i v e  ty p e  in c o r p o r a t ­
in g  one o r  more s e l e c t i v e l y  i n h i b i t o r y  a g e n ts . .
The su c c e ss  o r  f a i l u r e  o f  a  new medium o r  method depends on th e  
c o r r e c t  c h o ic e  o f  th e  s e l e c t i v e  a g e n t s .  I n  m aking t h a t  c h o ic e  f a c t o r s  
su ch  a s  th e  pH o f  th e  medium and th e  e f f e c t  t h a t  o th e r  in g r e d i e n t s  may 
have on th e  a c t io n  o f  th e  s e l e c t i v e  a g e n ts  o r  on th e  grow th o f  th e  
so u g h t a f t e r  o rgan ism  m ust be  ta k e n  i n t o  a c c o u n t.
I t  i s  a l s o  advan tag eo u s to  make a  medium a s  s p e c i f i c  a s  p o s s ib le  
f o r  th e  sough t a f t e r  organ ism  a s  even  members o f  th e  same b a c t e r i a l  
fa m ily  may be a n ta g o n is t i c  i n  m ixed c u l t u r e .  I t  h a s  b een  shown t h a t  
K le b s ie l l a  ae ro g e n es  fA e ro b a c te r  a e r o g e n e s l , E n te ro b a c te r  c lo a c a e  
f A e ro b a c te r  cloacae"! and E. c o l i  can  i n h i b i t  o rgan ism s o f  th e  S h ig e l la  
and S a lm o n e lla  groups a s  w e l l  a s  some o f  th e  G ram -p o sitiv e  b a c t e r i a  
in c lu d in g  S tap h y lo co ccu s a u re u s  and B a c i l lu s  sp p . (Vfynne 1947; H a lb e r t  
1948; H entges & F u lto n  1964; H entges 1967 , 1 9 6 9 ). B a rc la y  (1981)
e x p e r ie n c e d  d i f f i c u l t y  i n  i s o l a t i n g  Y. e n t e r o c o l i t i c a  from  a  mixed 
c u l tu r e  o f  E , c o l i  w hich may have been  due to  an tagonism *
1 • S e le c t iv e  a g e n ts
Numerous ty p e s  o f  s e l e c t i v e  a g e n ts  have been  in c o rp o ra te d  in to  
m edia in c lu d in g  m e ta l l i c  and  o th e r  s a l t s ,  a c i d s ,  p h e n o l, a n i l i n e  d y e s , 
s u r f a c e  a c t iv e  a g e n ts  and  ch em o th e rap e u tic  re ’a g e n ts .  As e a r ly  a s  1887 
p h en o l was b e in g  u sed  to  su p p re s s  th e  grow th o f  '’i n d i f f e r e n t  b a c t e r i a ” 
i n  th e  s e a rc h  f o r  ways t o  i s o l a t e  S a lm o n e lla  ty p h i  fB ac te riu m  ty p h o su s  1 
(G arrod  1933)* In  b i s  o r ig i n a l  p a p e r  on th e  d is c o v e ry  o f  p e n i c i l l i n ,  
F lem ing (1929) a d v o c a te d  i t s  use  a s  a  s e l e c t i v e  su b s ta n c e  f o r  th e  
i s o l a t i o n  o f  H aem ophilus in f lu e n z a e  and  a n t i b i o t i c s  have s in c e  been  
in c o rp o ra te d  s u c c e s s f u l ly  i n t o  many m edia. I n  th e  m a jo r i ty  o f  p r e s e n t  
day m edia s e l e c t i v i t y  i s  o b ta in e d  u s in g  com binations o f  a g e n ts .
Many o f  th e  b a s ic  s y s te m a tic  s tu d ie s  o f  th e  i n h i b i to r y  a c t io n  o f  
ch em ica l a g e n ts  w ere u n d e rta k e n  60-80 y e a r s  ag o . X i ta s a to  ( 1888) and 
Ferm i (1898) s tu d ie d  th e  a c t io n  o f  a c id s  and a l k a l i s  and  th e  l a t t e r  
w orker d e f in e d  methods w hereby h y d ro c h lo r ic  and  l a c t i c  a c id s  m igh t be 
used  to  i s o l a t e  a  s in g le  o rgan ism  from  a  m ix tu re  o f  tw o . The p r in c i p l e  
o f  t h i s  te c h n iq u e  has been  dev e lo p ed  a lm o s t s o l e l y  o v e r th e  y e a r s  f o r  th e  
i s o l a t i o n  o f  M ycobacterium  tu b e r c u lo s is  from  sputum .
D yes. The u se  o f . dyes was e x p lo re d  by  D r ig a ls k i  & C onrad i (1902 ) and 
Churchman (1 9 1 2 ) . D r ig a ls k i  and  C onrad i showed t h a t  when c r y s t a l  
v i o l e t  was in c o rp o ra te d  i n t o  a g a r  f o r  c u l tu r in g  fa e c e s  ”c o c c i” and  
o th e r  s a p ro p h y tic  b a c t e r i a  were su p p re s se d . However Churchman d e t e r ­
m ined t h a t  b a c t e r i a l  s u s c e p t i b i l i t y  to  c r y s t a l  v i o l e t  was l i n k e d  t o  th e  
Gram r e a c t io n ,  and t h a t  in c o rp o r a t io n  o f  t h i s  dye e n a b le d  a  Gram- 
n e g a t iv e  o rgan ism  to  be  re c o v e re d  in  p u re  c u l tu r e  from  a  m ix tu re  o f  
b o th  G ram -p o s itiv e  and G ram -negative b a c t e r i a .  F o llo w in g  th e  p u b l i c ­
a t i o n  o f  t h e s e  f in d in g s  many o th e r  w orkers  in v e s t ig a te d  th e  e f f e c t s  o f  
a  w id e r ran g e  o f  dyes and a  g r e a t e r  v a r i e t y  o f  b a c t e r i a  (Krumweide &
P r a t t  1914; Simon & T!7ood 1914; S te a m  & S te a m  1926; S a r to r iu s  1 9 2 8 ). 
The o n ly  in fo rm a tio n  o f  p r a c t i c a l  v a lu e  to  emerge from  a l l  t h i s  work 
was t h a t  th e  v i o l e t  dyes w i l l  e n t i r e l y  e l im in a te  G ra m -p o s itiv e  b a c t e r i a  
o r  i n  ex trem e d i l u t i o n s  d i f f e r e n t i a t e  c e r t a i n  G ram -p o s itiv e  ty p e s  and 
t h a t  th e  g re e n  dyes w i l l  e l im in a te  G ram -p o s itiv e  b a c t e r i a  and  i n  h i ^ i  
d i l u t i o n s  d i f f e r e n t i a t e  c e r t a i n  G ram -negative  organism s (G arro d  1 9 3 3 ).
Of th e  g reen  d y es , m a la c h i te  and b r i l l i a n t  g reen  have b een  fo u n d  t o  b e
th e  m ost u s e f u l  i n  th e  m edia f o r  th e  i s o l a t i o n  o f  th e  e n t e r i c  p a th o g e n s . 
B r i l l i a n t  g re e n  i s  an  example o f  a  dye which h as  been  and s t i l l  i s  u sed  
s u c c e s s f u l ly  i n  d i f f e r e n t  m edia t o  b o th  su p p re s s  and  enhance th e  grow th 
o f  a  G ram -negative  b a c te r iu m , t h a t  i s  E . c o l i . The v a r ia b le  s e l e c t i v i t y  
o f  t h i s  a g e n t and p ro b a b ly  o th e r s ,  i s  r e l a t e d  v e ry  c lo s e ly  t o  th e  pH o f  
th e  medium in t o  w hich i t  i s  in c o rp o ra te d ,  a  r e l a t i o n s h ip  f i r s t  d e s c r ib e d  
by  K i l l i a n  (1 9 2 4 ). Fung and M il le r  (1973) s tu d ie d  th e  e f f e c t  o f  42 dye 
compounds on 30 b a c t e r i a l  s p e c ie s  b u t Y. e n t e r o c o l i t i c a  was n o t  in c lu d e d .
S a l t s . E ise n b e rg  (1918) c a r r i e d  o u t a  d e t a i l e d  s y s te m a tic  s tu d y  o f  240 
s a l t s .  A lthough  h e  d id  n o t e v a lu a te  th e  p r a c t i c a l  p o s s i b i l i t i e s  o f  th e  
use  o f  th e s e  s a l t s  b u t  d e f in e d  p r in c i p l e s  and p ro v id e d  d a ta  from  w hich 
more s p e c ia l i z e d  work m igh t fo l lo w , he  d id  c l a s s i f y  th e  s a l t s  in t o  two 
ty p e s ,  th e  " d y e s tu f f  ty p e "  t o  w hich G ram -negative b a c t e r i a  a r e  more 
r e s i s t a n t  and  th e  " in v e r s e  ty p e ” to  w hich  G ram -p o sitiv e  b a c t e r i a  a r e  
more r e s i s t a n t .  The s a l t s  w hich a r e  most f r e q u e n t ly  u t i l i z e d  i n  m edia 
w hich have been  d ev e lo p ed  f o r  e n t e r i c  p a th o g en s  in c lu d e  sodium  c i t r a t e ,  
f e r r i c  ammonium c i t r a t e ,  b ism u th  s u l p h i t e ,  f e r r o u s  su lp h a te :, magnesium 
c h lo r id e ,  p o ta ss iu m  t e t r a t h i o n a t e , sodium  hydrogen s e l e n i t e  and  re d u c in g  
o r  o x id iz in g  a g e n ts  such  a s  sodium  th io s u lp h a te .
S u rfa c e  a c t iv e  a g e n t s . The p r o p e r t i e s  o f  s u r f a c e  a c t iv e  a g e n ts  i n  th e  
form  o f  b i l e  and  b i l e  s a l t s  have b een  known f o r  a lm o s t 100 y e a r s .
■When MacConkey (1 9Q8) rev iew ed  th e  l i t e r a t u r e  he showed t h e i r  f i r s t  
r e c o rd e d  use to  be c i r c a  1889 . MacConkey had  been  w orking w ith  b i l e  
s a l t s  f o r  s e v e r a l  y e a rs  an d  had  i d e n t i f i e d  sodium ta u ro c h o la te  and 
d em o n stra te d  i t s  i n h i b i to r y  e f f e c t  on G ram -p o sitiv e  b a c t e r i a  w h i ls t  
a l lo w in g  G ram -negative  b a c t e r i a  such  a s  S . ty p h i  fB. typhosus"! and  E. 
c o l i  f B acterium  c o l i l  t o  grow.
Of th e  numerous o th e r  b i l e  s a l t s  i d e n t i f i e d  p ro b a b ly  th e  b e s t  
known i s  sodium  d e o x y c h o la te . L e ifso n  (1935) in v e s t ig a t in g  t h i s  
a g e n t w ith  th e  p u rp o se  o f  p ro v id in g  an  im proved medium f o r  s a lm o n e lla  
i s o l a t i o n  fo u n d  t h a t  i t s  e f f e c t  on th e  g row th  o f  b a c t e r i a  was dependen t 
upon s e v e r a l  f a c t o r s .  I f  th e  b a se  medium was below  pH 7 .5  none o f  th e  
G ram -p o s itiv e  b a c t e r i a  t e s t e d  showed any  a p p re c ia b le  grow th  a f t e r  24 h 
i n  th e  p re se n c e  o f  0 .1  o r  more sodium  d eo x y ch o la te  b u t th e r e  was no 
in h i b i t i o n  o f  th e  G ram -negative b a c t e r i a .  Above pH 7 .5  G ra m -p o s itiv e  
b a c t e r i a  b egan  t o  grow. L e ifso n  a l s o  found  t h a t  in  th e  p re s e n c e  o f  
an  in c re a s e d  c o n c e n tra t io n  o f  sodium c h lo r id e  th e r e  was an i n h i b i to r y  
e f f e c t  p rod u ced  a g a in s t  v a r io u s  G ram -negative b a c t e r i a  in c lu d in g
" la c to s e  fe rm e n tin g  co lo n  b a c i l l i " •
O ther s u r f a c e  a c t iv e  a g e n ts  in c lu d e  sodium l a u i y l  s u lp h a te  and  
T eepo l 61 9 w hich have s im i l a r  p r o p e r t i e s  t o  th o s e  o f  sodium ta u r o -  
c h o la te  b u t a r e  more r e l i a b l e  p ro d u c ts  and  have been  u sed  a s  sub­
s t i t u t e s  f o r  b i l e  s a l t  (M allmann & D arby 1941; Jameson & Em berley 
1 9 5 6 ). T e r g i to l  7 i s  a l s o  a  s u r fa c e  a c t iv e  a g e n t b u t  h as  been  u t i l i z e d  
m a in ly  f o r  i t s  a b i l i t y  to  e m u ls ify  f a t  (G a lto n  e t  a l . 1 9 5 4 ). I t  i s  
n o n - in h ib i to r y  to  G ram -negative  b a c t e r i a  b u t  i t  has been  su g g e s te d  t h a t  
th e r e  may be some i n h i b i t i o n  o f  G ram -p o sitiv e  b a c t e r i a .
S e le c t iv e  a g e n ts  f o r  Y. e n t e r o c o l i t i c a . Most o f  th e  e a r ly  in v e s t ig a t io n s  
in t o  t h e  s e l e c t i v i t y  o f  th e  v a r io u s  ch em ica ls  were c a r r i e d  o u t b ecause  o f  
th e  im p o rtan ce  o f  f in d in g  e f f e c t i v e  m ethods f o r  i s o l a t i n g  S . ty p h i  [B. 
ty p h o su s 1 and  V ib r io  c h o le r a e . E s c h e r ic h ia  c o l i  fB acterium  c o l i -] was 
a l s o  o f te n  in c lu d e d  in  th e s e  s t u d i e s ,  b u t a s  Y. e n t e r o c o l i t i c a  had n o t 
even  been  re c o g n iz e d  a t  t h a t  tim e  i t  c o u ld  n o t re c e iv e  any a t t e n t i o n  from  
th e  r e s e a r c h e r s .  I t  i s  o n ly  r e c e n t ly  t h a t  dyes and s e l e c t i v e  a g e n ts  
in c lu d in g  a n t i - b a c t e r i a l  d ru g s  have been  in v e s t ig a te d  s p e c i f i c a l l y  in  
an  a t te m p t to  f in d  s u i t a b l e  su b s ta n c e s  f o r  in c o rp o ra t io n  in t o  m edia f o r  
th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  (Schiem ann 1 979a, 1 98 0 b ).
Schiemann (1 979a) in c o rp o ra te d  69 dyes a t  d i f f e r e n t  c o n c e n tr a t io n s  
i n t o  a  t r y p to n e  g lu c o se  a g a r  and  s tu d ie d  t h e i r  e f f e c t s  on th e  q u a n t i t ­
a t i v e  re c o v e ry  o f  f i v e  s t r a i n s  r e p r e s e n t in g  f i v e  s e ro ty p e s  (0 :3 *  0 :5 * 2 7 , 
0 :6 ,3 0 ,  0 :8 ,  0 :9 )  o f  Y. e n t e r o c o l i t i c a . He a l s o  in c lu d e d  one s t r a i n  
each  o f  Pseudomonas a e ru g in o sa  and B a c i l lu s  ce re u s  f o r  co m p ara tiv e  
p u rp o se s . The r e s u l t s  showed th a t  Y. e n t e r o c o l i t i c a  was r e l a t i v e l y  
r e s i s t a n t  to  dyes com pared to  B. c e re u s  b u t n o t when com pared w ith  P s . 
a e ru g in o s a . He su g g e s ts  t h a t  th e  dye r e s i s t a n c e  o f  Y. e n t e r o c o l i t i c a  
i s  s im i l a r  to  t h a t  o b served  f o r  o th e r  G ram -negative b a c t e r i a .  A 
f u r t h e r  f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  to g e th e r  w ith  th e  Pseudomonas 
and  B a c i l lu s  sp p . and i n  a d d i t io n  E n te ro b a c te r  sp p . w ere u t i l i z e d  to  
e v a lu a te  some o f  th e  dyes in  more d e t a i l .  Only one d y e , m e ta n i l  y e l lo w , 
showed any p o t e n t i a l  a s  a  s e le c t iv e  a g en t f o r  Y. e n t e r o c o l i t i c a . The 
s tu d y  a l s o  r e v e a le d  s t r a i n  v a r i a t i o n  in  s e n s i t i v i t y  to  c e r t a i n  d y e s , in  
p a r t i c u l a r  b r i l l i a n t  g re e n , neutraL  r e d  and  b a s ic  fu c h s in  each  o f  w hich 
i s  u sed  i n  d i f f e r e n t  media f o r  e n t e r i c  p a thogens and w hich have b een  
recommended f o r  th e  re c o v e ry  o f  Y. e n t e r o c o l i t i c a .
I n  th e  f i r s t  p a r t  o f  h i s  second s tu d y  Schiemann (1 980b) in c o rp o ra te d  
g rad ed  c o n c e n tr a t io n s  o f  28 chem ica l a g e n ts  in to  a  t r y p to n e  m a n n ito l a g a r
an d  re c o rd e d  t h e i r  e f f e c t  on th e  grow th o f  a  second  s e t  o f  f i v e  s t r a i n s  
o f  Y. e n t e r o c o l i t i c a  (se ro ty p e s  0 :3*  0 :5 * 2 7 , 0 :6 ,3 0 ,  0 :8 ,  0 : 9 ) .  The 
r e s u l t s  showed a h ig h  to l e r a n c e  ( > 8 0 $  re c o v e ry  r a t e )  o f  a l l  s t r a i n s  
f o r  s u r f a c e - a c t iv e  a g e n ts  such  a s  b i l e  s a l t s ,  sodium  d e o x y c h o la te , 
sodium ta u r o c h o la t e ,  T eepo l 610 and T e r g i to l  7 and  a l s o  f o r  m agnesium .
In  c o n t r a s t ,  C e tr im id e , p a r a n i t r o p h e n o l , p o ta ss iu m  t e l l u r i t e  and  
sodium  a s id e  w ere in h i b i to r y  a t  v e ry  low  c o n c e n tr a t io n s  b u t I rg a s o n  
( 2 ,4 * 4 '- t r i - c h lo r o - 2 - h y d r o x y  d ip h e n y l e t h e r ,  C iba-G iegy) was t o l e r a t e d  
a t  c o n c e n tr a t io n s  i n h i b i t o r y  t o  some o th e r  members o f  th e  E n te ro b a c te r -  
i a c e a e .
The second  p a r t  o f  Schiem ann1s s tu d y  was on th e  e f f e c t  o f  57 a n t i ­
b a c t e r i a l  a g e n ts  on th e  grow th o f  18 s t r a i n s  o f  Y. e n t e r o c o l i t i c a .
The minimum i n h i b i to r y  c o n c e n tr a t io n s  (MIC) w ere d e te rm in e d  and two 
a g e n ts  w ere fo u n d  to  be t o l e r a t e d  by  Y. e n t e r o c o l i t i c a  a t  c o n c e n tra t io n s  
w hich a r e  a c t i v e  a g a in s t  c e r t a i n  o th e r  G ram -negative  b a c t e r i a ,  v i z .  SCE- 
129 ( c e f s u lo d in )  w hich i s  h ig h ly  a c t i v e  a g a in s t  P s . a e ru g in o s a , and  
n o v o b io c in  w hich i s  e s p e c i a l l y  e f f e c t i v e  a g a in s t  P r o te u s . In  a  f u r t h e r  
e v a lu a t io n  o f  SCE-129 ( c e f s u lo d in )  a g a in s t  52 a d d i t io n a l  s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  i t  was found  t h a t  100$ t o l e r a t e d  10 fig/m l and  98$ 
w ere u n a f f e c te d  by  20 yUg/ml. A lthough th e r e  i s  no o th e r  known r e p o r t  
o f  th e  e f f e c t  SCE-129 on Y. e n t e r o c o l i t i c a . r e s i s t a n c e  t o  n o v o b io c in  
h a s  been  r e p o r te d  (R aev u o ri e t  a l . 1 9 7 8 ) .
A p art from  th e s e  s tu d ie s  by  Schiemann l i t t l e  o th e r  work h a s  been  
r e p o r te d .  S o lt 'e sz  e t  a l . (1980) i n v e s t ig a t e d  sodium  o x a la te  in c o rp ­
o ra te d  in t o  a  b i l e  s a l t  a g a r  and found  t h a t  Y. e n t e r o c o l i t i c a  c o u ld  
t o l e r a t e  a  1$  c o n c e n tr a t io n .  A u lis io  e t  a l . (1980) d ev e lo p ed  th e  use 
o f  p o ta ss iu m  h y d ro x id e  t r e a tm e n t  on m ixed c u l tu r e s  and sam ples o f  fo o d  
and th e y  showed th a t  Y. e n t e r o c o l i t i c a  c o u ld  t o l e r a t e  0 .5 $  p o ta ss iu m  
h y d ro x id e  f o r  a t  l e a s t  5 rain w hereas s t r a i n s  o f  Y. p s e u d o tu b e r c u lo s is .
S . c o l i , S . typh im urium . S h ig e l la  so n n e i and S h ig e l la  f l e x n e r i  f a i l e d  
t o  s u rv iv e  1 m in .
T em p era tu re . In  a d d i t io n  to  th e  use o f  ch em ica ls  and dyes a s  s e l e c t i v e  
a g e n ts  th e  p r in c i p l e  o f  u s in g  an  in c u b a t io n  te m p e ra tu re  w hich w h i l s t  
a l lo w in g  th e  d e s i r e d  organism  to  grow h in d e rs  th e  grow th  o f  o th e r  
b a c t e r i a  in  a  m ixed b a c t e r i a l  f l o r a  i s  an  o ld  and p ro v en  m ethod an d  
was r e f e r r e d  t o  by MacConkey (1 9 0 8 ) . Many p a th o g en s  w i l l  grow a t  
te m p e ra tu re s  w e ll  above t h e i r  optimum and by in c r e a s in g  th e  in c u b a t io n  
te m p e ra tu re  o f  en rich m en t m edia i t  i s  p o s s ib le  to  im prove s e l e c t i v i t y ,
o of o r  exam ple, th e  in c u b a tio n  a t  43 r a t h e r  th a n  37 C o f  en richm en t
c u l tu r e s  f o r  S a lm o n e lla  g iv e s  s i g n i f i c a n t l y  h ig h e r  i s o l a t i o n  r a t e s
(H arvey & P r ic e  1968 ) .
B ecause o f  th e  a b i l i t y  o f  Y. e n t e r o c o l i t i c a  to  grow a t  4 °C , a 
r a r e  c h a r a c t e r i s t i c  am ongst th e  E n te r o b a c te r ia c e a e , in c u b a t io n  o f  m edia 
a t  t h i s  te m p e ra tu re  h as  been  ad v o ca ted  f o r  th e  s e l e c t i v e  i s o l a t i o n  o f  
t h i s  o rg an ism . E is s  (1973) r e p o r t s  t h a t  w h i ls t  he was a b le  to  demon­
s t r a t e  grow th o f  Y. e n t e r o c o l i t i c a  a t  4°C , 13 o f  14 s t r a i n s  o f  o th e r  
e n t e r o b a c te r ia  in c lu d in g  E n te ro b a c te r  c lo a c a e . P r o te u s , K le b s ie l l a  and 
S a lm o n ella  sp p . f a i l e d  t o  show any in c r e a s e  i n  g row th . The rem a in in g  
s t r a i n  o f  E. c lo a c a e  showed a  la r g e  in c r e a s e  i n  c o u n t. E is s  a l s o  
r e p o r te d  t h a t  i s o l a t i o n  r a t e s  o f  Y. e n t e r o c o l i t i c a  from  c l i n i c a l  
specim ens were im proved by a s  much a s  44$  when 4°C was used  f o r  in c u b ­
a t io n  o f  th e  en rich m en t c u l t u r e s .  Many o th e r  w orkers have a l s o  u sed  
4°C b o th  f o r  c l i n i c a l  specim ens (P a i e t  a l .  1979; W e iss fe ld  & Sonnen- 
w ir th  1980) and  f o r  foods ( in o u e  & K urose 1975; B lack  e t  a l . 197&)»
2 . S e le c t iv e  a g a rs
As a  consequence o f  Y. e n t e r o c o l i t i c a  b e in g  a b le  t o  t o l e r a t e  h ig h  
c o n c e n tr a t io n s  o f  b i l e  s a l t  many o f  th e  common e n te r i c  m edia have been  
u sed  f o r  th e  i s o l a t i o n  o f  t h i s  o rgan ism .
A gar m ed ia . The common e n t e r i c  a g a r  m edia which have been  su g g e s te d  a s  
s u i t a b l e  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  in c lu d e  MacConkey (MAC), 
l a c to s e  su c ro se  u re a  (LSU) ( j u h l i n  & E r ic so n  1 9 6 1 ), S a lm o n e lla -S h ig e lla  
(S S ), e o s in  m ethy lene b lu e  (EMB), d eo x y ch o la te  c i t r a t e  (DCA), h ek to en  
e n t e r i c  (HEK), endo (ENDO), x y lo se  l y s in e  d eo x y ch o la te  (XLD) and b ism u th  
s u lp h i t e  (BS) a g a r s .
S e v e ra l w orkers have compared th e  grow th c h a r a c t e r i s t i c s  o f  d i f f e r e n t  
s t r a i n s  o f  Y. e n t e r o c o l i t i c a  on some o f  th e s e  m ed ia . N ilehn  (1969a) 
s tu d ie d  th e  grow th o f  35 s t r a i n s ,  w hich w ere m o stly  o f  human o r i g i n ,  on 
LSU, SS, DCA and  ENDO a g a rs  in c u b a te d  a t  37° and 25°C w ith  th e  p u rp o se  
o f  f in d in g  s u i t a b le  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  
human f a e c e s  by d i r e c t  p l a t i n g .  She found  t h a t  th e  s t r a i n s  o f  human 
o r ig i n  ( s e ro ty p e s  0 :3  and 0 :9 )  u s u a l ly  gave re a s o n a b ly  good grow th  on a l l  
m edia a t  b o th  te m p e ra tu re s ,  b u t o ld e r  s t r a i n s  from d i f f e r e n t  o r ig in s  
gave v e iy  v a r ie d  r e s u l t s  b o th  w ith  th e  in d iv id u a l  m edia and  a t  th e  
d i f f e r e n t  in c u b a tio n  te m p e ra tu re s .  When th e  same m edia w ere s t r e a k e d
w ith  a  m ixed c u l tu r e  th e r e  was v e ry  l i t t l e  i n h i b i t i o n  o f  unw anted Gram- 
n e g a t iv e  b a c t e r i a ,  e s p e c i a l l y  P r o te u s , on ENDO a g a r  b u t th e  rem a in in g  
th r e e  media when in c u b a te d  a t  25°C showed in c re a s e d  i n h i b i t i o n  o f  un­
d e s i r e d  f a e c a l  b a c t e r i a ,  w hich p ro v ed  t o  be  ad van tageous in  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a . T h is  o rgan ism *s d i s t i n c t  c o lo n ia l  
c h a r a c t e r i s t i c s  on LSU a ls o  made d i f f e r e n t i a t i o n  somewhat e a s i e r  th a n  
on th e  o th e r  m ed ia . W hichever medium was u sed  in c u b a tio n  f o r  a t  l e a s t  
two days was e s s e n t i a l .
Mehlman e t  a l . (1978) s tu d ie d  th e  re c o v e ry  from  p u re  c u l tu r e s  o f  
f o u r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  on MAC, SS, HEX, EMB and BS a g a rs  
in c u b a te d  a t  35°* 26° and  22°C . C o n s id e ra b le  v a r i a t i o n  i n  s e n s i t i v i t y  
o f  th e  c u l tu r e s  to  SS, EMB, HEK and BS a g a rs  was e n c o u n te re d . The 
g r e a t e s t  r e c o v e ry  was o b ta in e d  a t  26°C. MacConkey a g a r  was l e a s t  
in f lu e n c e d  by te m p e ra tu re  and  EMB and BS a g a r s  te n d ed  t o  b e  to x ic  a t  
33°C.
F a lc a o  e t  a l . (1979) made a  s tu d y  o f  43 s t r a i n s  o f  Y. e n t e r o c o l i t i c a  
on SS, HEK, XLD, BG and EMB a g a rs  a l s o  in c u b a te d  a t  35° a nd 22°C . T h e ir  
r e s u l t s  w ere th e  r e v e r s e  o f  th o s e  o f  N ilehn  (1 969a) in  t h a t  th e y  fo u n d  
35°C to  be th e  b e t t e r  te m p e ra tu re  f o r  in c u b a t io n .  None o f  th e  s t r a i n s  
grew on BG b u t a l l  p roduced  s a t i s f a c t o r y  c o lo n ie s  on MAC, SS and  EMB 
a g a r s .  However some s t r a i n s  w ere i n h i b i t e d  on HEK and XLD a g a r s .  I t  
was a l s o  o b serv ed  t h a t  c o lo n ia l  v a r i a t i o n  o c c u rre d  on EMB, XLD, HEK b u t  
n o t on MAC o r  SS a g a r s .
The most r e c e n t  s tu d y  by B a rc la y  (1981) compared MAC, HEK, XLD, SS,
BG, DCA and EMB a g a rs  in c u b a te d  a t  33°C f o r  up to  48 h . He c o n firm ed
t h a t  a f t e r  24  h in c u b a t io n  on th e s e  a g a rs  th e  l a r g e s t  c o lo n ie s  a t t a i n e d
ow ere l e s s  th a n  1 mm d ia m e te r  and th a t  each  medium r e q u ir e d  48 h  a t  33 C 
t o  o b ta in  c o lo n ie s  o f  a  w orkab le s i z e .  B a rc la y  a l s o  found  on s e v e r a l  
o c c a s io n s  t h a t  w h i ls t  th e r e  was no i n h i b i t i o n  o f  Y. e n t e r o c o l i t i c a  i n  
p u re  c u l tu r e  on MAC, from  a  c u l tu r e  m ixed w ith  E. c o l i , o n ly  E . c o l i  
was re c o v e re d . However Y. e n t e r o c o l i t i c a  was re c o v e re d  when th e  same 
c u l tu r e s  w ere seed ed  on t o  SS a g a r .  Y e r s in ia  e n t e r o c o l i t i c a  was 
d i f f i c u l t  to  d i f f e r e n t i a t e  from  c o lifo rm s  on HEK, XLD and EMB a g a rs  a s  
th e s e  m edia c o n ta in  su c ro se  which was fe rm e n te d  by a l l  th e  o rgan ism s 
t e s t e d .  On BG a g a r ,  which a ls o  c o n ta in s  s u c r o s e ,  th e  c o n c e n tr a t io n  o f  
BG in h i b i t e d  th e  grow th o f  Y. e n t e r o c o l i t i c a  so t h a t  even a f t e r  48 h 
in c u b a t io n  c o lo n ie s  w ere s t i l l  o n ly  1 mm d ia m e te r  and th e y  c o u ld  n o t be 
r e a d i ly  d i f f e r e n t i a t e d  from  o th e r  s u c ro s e  fe rm e n tin g  o rg an ism s.
S e v e ra l b a tc h e s  o f two d i f f e r e n t  b ran d s  o f  BS a g a r  w ere in v e s t ­
ig a te d  f o r  th e  developm ent o f  Y. e n t e r o c o l i t i c a - l i k e  organism s by- 
Hanna e t  a l . (1 9 7 7 a ) . T hese w orkers fo u n d  t h a t  th e r e  was v a r i a t i o n  
b ran d  t o  b ra n d  a s  w e ll  a s  b a tc h  to  b a tc h  b o th  i n  th e  grow th o f  th e  Y. 
e n t e r o c o l i t i c a - l i k e  o rg an ism s, some o f  w hich were c o m p le te ly  i n h i b i t e d  
and  a l s o  i n  th e  grow th  o f  th e  Pseudomonas s t r a i n s  which had b een  m ixed 
w ith  them . S im ila r  b ran d  and  b a tc h  v a r i a t i o n s  were r e p o r te d  by K en d a ll 
(1982a) when in v e s t ig a t in g  t h i s  medium f o r  grow th o f  S a lm o n ella  sp p . 
an d  o th e r  G ram -negative  b a c t e r i a .
R e c e n tly  s e v e r a l  o th e r  a g a r  m edia have been  fo rm u la te d  e s p e c i a l l y  
f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a , f o r  exam ple, S a lm o n e lla -S h ig e lla  
d eo x y ch o la te  (SS + D) (W auters 1973)» MacConkey Tween (LEE) and MacConkey 
DNA (DNA) (L ee 1977)> p e c t in  (PEC) a g a r  (Bowen & Kominos 1979)> c e l l o -  
b i o s e - a r g i n in e - l y s i n  (CAL) a g a r  (D udley & S h o tts  1979)» c e f s u lo d in -  
i rg a s a n -n o v o b io c in  ( CIN) a g a r  (Schiem ann 1979b) and sodium o x a la te  (SO) 
a g a r  (S o l te s z  e t  a l . 1 9 8 0 ) .
W auters (1973) r e p o r te d  t h a t  Y. e n t e r o c o l i t i c a  w i l l  t o l e r a t e  a s  
much a s  a  3% c o n c e n tra t io n  o f  sodium d e o x y c h o la te . By in c o rp o r a t in g  2% 
i n t o  SS a g a r  he found  t h a t  t h i s  gave a medium w ith  good s e l e c t i v i t y  
w h i ls t  a l lo w in g  r a p id  grow th o f  Y. e n t e r o c o l i t i c a . I t  was n e c e s s a ry  t o
a d ju s t  th e  b ase  medium to  pH 1 ,0  o r  above to  a v o id  p r e c i p i t a t i o n  o f  th e
o osodium d eo x y ch o la te  b u t  by in c u b a tin g  below  37 > p r e f e r a b ly  a t  29  C, th e
c o lo n ie s  o f  Y. e n t e r o c o l i t i c a  w ere v i s i b l e  a f t e r  20 h .  W auters recommends 
th e  use  o f t e n f o l d  m a g n if ic a t io n  on a  s te r e o  m icroscope to  d i s t i n g u i s h  
th e  co lony  ty p e  w hich i s  c h a r a c t e r i s t i c  o n ly  o f  s e ro ty p e s  0 :3  and  0 :9*
LEE and DNA a g a rs  were fo rm u la te d  by Lee (1977) f o r  th e  d i f f e r ­
e n t i a t i o n  o f  Y. e n t e r o c o l i t i c a  from  o th e r  la c to s e - n e g a t iv e  b a c t e r i a .
Lee found  i t  n e c e s s a ry  t o  in c u b a te  b o th  a g a rs  a t  25°C f o r  48  h .  A lthough 
S e r r a t i a  l i q u i f a c i e n s , Aeromonas and some Pseudomonas sp p . p roduce  a  
l i p a s e - p o s i t i v e  r e a c t io n  on b o th  m edia th e  c o lo n ia l  c h a r a c t e r i s t i c s  d i f f e r  
from  th o s e  o f  Y. e n t e r o c o l i t i c a . Foods w ere in o c u la te d  w ith  two c l i n i c a l  
i s o l a t e s .  W h ils t b o th  th e  MAC media w ere a s  e f f i c i e n t  a s  SS a g a r  f o r  
th e  i s o l a t i o n  o f  th e s e  c l i n i c a l  s t r a i n s  th e  SS a g a r  i n h i b i t e d  th e  grow th 
o f  many o f  th e  n a t u r a l l y  o c c u r r in g  food  s t r a i n s  which w ere a l s o  p r e s e n t .
Bowen & Kominos (1979) m o d ified  th e  p e c t in  medium o f  S t a r r  e t  a l .
(1977) by ad d in g  more a g a r  to  f a c i l i t a t e  s u b - c u l tu r in g  and by changing  
th e  in d i c a to r  i n  o rd e r  to  enhance th e  ap p ea ran ce  o f  th e  d e p re s s s io n  
cau sed  by p e c t in —p o s i t i v e  c o lo n ie s .  I t  was found  t h a t  o f  118 e n t e r o -  
b a c t e r i a  t e s t e d ,  on ly  13 Y. e n t e r o c o l i t i c a  and 3 K le b s ie l l a  o x y to ca
p roduced  c o lo n ie s  w hich sank  in to  th e  a g a r .  Y e r s in ia  e n t e r o c o l i t i c a  
co u ld  e a s i l y  be i d e n t i f i e d  i n  mixed c u l tu r e s  even i n  th e  p re se n c e  o f 
th r e e  t im e s  a s  many o th e r  e n t e r o b a c te r i a .  The re c o v e ry  r a t e s  o f  Y. 
e n t e r o c o l i t i c a  on PEC w ere compared t o  th o s e  on M u lle r-H in to n  (MH), HEK, 
XLD, SS and MAC a g a r s .  U sing MH as  c o n t ro l  (100$  re c o v e ry )  PEC gave 
100$ re c o v e ry  w ith  much lo w e r  r a t e s  on HEK 5$> XLD 15%, SS 7$  and MAC 
25$.
C e l lo b io s e - a r g in in e - ly s in e  (CAL) a g a r  (D udley & S h o tts  1979) was 
fo rm u la te d  a s  a  d i f f e r e n t i a l  medium f o r  th e  r e c o g n i t io n  o f  Y. e n te ro ­
c o l i t i c a  from  o th e r  b a c t e r i a  commonly found  i n  w a te r  an d  f a e c a l  sp ec im en s. 
The d i f f e r e n t i a t i o n  b e in g  dependen t upon Y. e n t e r o c o l i t i c a  fe rm e n tin g  
c e l lo b io s e  and b e in g  a r g in in e  and ly s in e  n e g a t iv e .  Twelve s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  w ere in o c u la te d  on to  th e  a g a r ,  e le v e n  p roduced  
c h a r a c t e r i s t i c  c o lo n ie s ,  and one f a i l e d  to  fe rm en t th e  c e l l o b io s e .
One o f  t e n  c l i n i c a l  i s o l a t e s  (from  f a e c e s )  a l s o  f a i l e d  t o  fe rm e n t t h i s  
s u g a r .  I t  was o b se rv ed  t h a t  th e  o v e r a l l  co lo n y  co u n ts  w ere s i m i l a r  on 
b o th  th e  new medium and MAC. The CAL a g a r  r e q u ir e d  36-40  h  in c u b a t io n  
a t  25°C .
F o llo w in g  h i s  s tu d ie s  on s e l e c t i v e  a g e n ts ,  d y es  and  a n t i b i o t i c s  
Schiemann (1 979b) fo rm u la te d  CIN a g a r .  U sing  a  b a s a l  medium s p e c i a l l y  
s y n th e s iz e d  t o  g iv e  optimum grow th o f  Y. e n t e r o c o l i t i c a  re c o v e ry  o f  t h i s  
organism  was p o s s ib le  a f t e r  o n ly  24 h in c u b a tio n  a t  32°C . T h is  medium 
was found  to  be h ig h ly  s e l e c t i v e  a g a in s t  P s . a e ru g in o s a . E . c o l i , 
K le b s ie l la  pneum oniae and  P ro te u s  m i r a b i l i s . The r e a c t io n  from  fe rm ­
e n ta t io n  o f  m a n n ito l gave a  c h a r a c t e r i s t i c  co lony  which c o u ld  be u sed  to  
d i f f e r e n t i a t e  Y. e n t e r o c o l i t i c a  from  o th e r  G ram -negative  b a c t e r i a .
S o l te s z  e t  a l . (1980) d is c o v e re d  t h a t  Y. e n t e r o c o l i t i c a  c o u ld  
t o l e r a t e  1 $  sodium o x a la te  w hich th e y  th e n  in c o rp o ra te d  in t o  a  s p e c i a l l y  
fo rm u la te d  b ase  medium. Two hundred  and tw e n ty - fo u r  f a e c a l  sam ples 
w ere a r t i f i c i a l l y  in f e c te d  w ith  1 o f  40 s t r a i n s  o f  Y. e n t e r o c o l i t i c a , 
in c lu d in g  s e ro ty p e s  0:3> 0 :6 ,  0 :8  and  0 :9 .  The s to o ls  w ere sub­
c u l tu r e d  to  DCA, SS+D, MAC, LSU and SO a g a r s .  In c u b a t io n  a t  29° o r  
g r e a t e r  was b e t t e r  th a n  22° b u t a t  37°C th e r e  was a  te n d en cy  f o r  
c o lo n ie s  t o  be  r o u ^ i .  U sing SO a g a r  Y. e n t e r o c o l i t i c a  was r e - i s o l a t e d  
from  9 9 .5 $  o f  th e  fa e c e s  a s  opposed to  90$ o r  l e s s  from  th e  o th e r  m ed ia .
3 . B ro th  m edia
A v a r i e ty  o f  b r o th  m edia have been  used  f o r  th e  en rich m en t o f  
Y. e n t e r o c o l i t i c a . Amongst th e s e  a re  p h o sp h a te  b u f f e r e d  s a l i n e  (PS-), 
W auters (1973) b r o th  (WB), G ram -negative b ro th  (GN), p ep to n e  w a te r  
(FW), cooked m eat medium (CMM), v a r io u s  m o d if ic a t io n s  o f  s e l e n i t e  b ro th  
and  t e t r a t h i o n a t e  b r o th .
A r e p o r t  h as  been  p u b lis h e d  i n  w hich th e  grow th o f  Y. e n t e r o c o l i t i c a  
h as  been  com pared i n  d i f f e r e n t  en rich m en t b ro th s  (B a rc la y  1 9 8 1 ) . Phos­
p h a te  b u f f e r e d  s a l i n e ,  s e l e n i t e  F (S F ), t e t r a t h i o n a t e  (TB) and  GN b ro th s  
to  w hich a  s t e r i l e  f a e c a l  su sp e n s io n  had  been  added w ere in o c u la te d  
s e p a r a t e ly  w ith  f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  (300-1100 o rg an ism s/m l) 
and mixed w ith  f i v e  s t r a i n s  o f  E . c o l i  (50 ,000  o rg a n ism s /m l) . B a rc la y  
found  t h a t  a l l  f i v e  s t r a i n s  o f  Y e rs in ia  grew w e ll  i n  PS in c u b a te d  a t  4°C , 
a t t a i n i n g  a  c o lo n y  co u n t o f  g r e a t e r  th a n  100 ,000  o rg an ism s/m l w ith in  n in e  
d a y s . The E . c o l i  s t r a i n s  d e c l in e d  in  numbers to  l e s s  th a n  5 0 o rg a n ism s / 
ml o v e r th e  same p e r io d .
T h ree  o f  th e  f i v e  Y e rs in ia  s t r a i n s  c o u ld  n o t be re c o v e re d  from  SF 
in c u b a te d  a t  35°C f o r  1 d ay , how ever, a  f o u r th  s t r a i n  was re c o v e re d  
a f t e r  a  f u r t h e r  4  days a t  room te m p e ra tu re .  The h ig h e s t  co lo n y  coun t 
o f  Y. e n t e r o c o l i t i c a  w hich was a t t a i n e d  was 50 ,000  o rg a n ism s/m l. Only 
one s t r a i n  o f  E. c o l i  d e c l in e d  i n  num bers, th e  r e s t  rem ained  above 
5 0 ,000  o rg an ism s/m l.
T e t r a th io n a te  b ro th  (w ith o u t BG) was a l s o  in c u b a te d  a t  35°C f o r  1 
day fo llo w e d  by  4  days a t  room te m p e ra tu re .  Only 2 /5  Y. e n t e r o c o l i t i c a  
s t r a i n s  c o u ld  b e  re c o v e re d  a f t e r  1 day (c o lo n y  co u n ts  300 and  15*000  
o rg an ism s/m l) b u t  a f t e r  4  days a t  room te m p e ra tu re  a l l  f i v e  s t r a i n s  had  
a t t a i n e d  co u n ts  o f  g r e a t e r  th a n  50 ,000  o rg a n ism s/m l. F iv e  s t r a i n s  o f  
E . c o l i  w ere i n h i b i t e d  and n o t  re c o v e re d .
A ll  s t r a i n s  o f  Y e rs in ia  and E. c o l i  grew w e ll  in  GN b r o th  b u t ,
b eca u se  o f  th e  overg row th  o f  E . c o l i , Y. e n t e r o c o l i t i c a  co u ld  n o t be
0r e c o v e re d , a f t e r  in c u b a tio n  f o r  1 day  a t  35 C, w ith o u t th e  u se  o f 
h ig h ly  s e l e c t i v e  a g a r s .  A f te r  4  days in c u b a t io n  a t  room te m p e ra tu re  
each  s t r a i n  o f  Y. e n t e r o c o l i t i c a  had  a t t a i n e d  co lony  c o u n ts  o f  10 ,000  
o rg an ism s/m l and  w ere e a s i l y  re c o v e re d .
W auters (1973) m o d ified  R appaport b r o th  (R appaport e t  a l .  1956) by  
in c r e a s in g  th e  magnesium c h lo r id e ,  r e d u c in g  th e  m a la c h ite  g re e n ,  th u s  
r a i s i n g  th e  sp o n tan eo u s pH and ad d in g  c a r b e n i c i l l i n .  He recommended 
t h i s  medium (WB) to  be u sed  i n  c o n ju n c tio n  w ith  SS+D a g a r  and s o le ly
f o r  th e  i s o l a t i o n  o f  th e  m e d ic a lly  im p o rta n t s e ro ty p e s  0 :3 ,  0 :S  and 
p o s s ib ly  0:1 and  0 :8 .  The i s o l a t i o n  r a t e  o f  Y. e n t e r o c o l i t i c a  from  
WB was fo u n d  to  be  a s  much a s  f o u r  tim e s  g r e a t e r  th a n  t h a t  from  
s e l e n i t e  o r  R ap p ap o rt.
Inoue  and K urose (1975) p re p a re d  s e l e n i t e  w ith  added n o v o b io c in  
(SN ), in c u b a te d  a t  37°C f o r  24 h and com pared i t  w ith  PS in c u b a te d  a t  
5°C f o r  3 w eeks. B oth b ro th s  were in o c u la te d  w ith  cow i n t e s t i n a l  
c o n te n ts  ( i  15 sam p les) and b e e f  m eat (61 sa m p le s ) . Nine cow and  15 
b e e f  sam ples were found  to  be p o s i t i v e  f o r  Y. e n t e r o c o l i t i c a  t h rough  
PS b u t o n ly  one sam ple was p o s i t i v e  th ro u g h  SN.
Mehlman e t  a l .  (1978) m o d if ie d  PS by  th e  a d d i t io n  o f  1 $  s o r b i t o l  
* and 0 .1 5 $  b i l e  s a l t s .  The r e s u l t s  o f  t h e i r / s t u d y ,  u s in g  a r t i f i c i a l l y  
in o c u la te d  p o rk  m eat, su g g e s te d  th a t  Y. e n t e r o c o l i t i c a  had  to  be 
p r e s e n t  a t  a  l e v e l  g r e a t e r  th a n  1000 o rg an ism s/m l to  be d e t e c ta b le  
th ro u g h  PS. In  th e  p re se n c e  o f  th e  s o r b i t o l  and b i l e  s a l t s  n o t  o n ly  
was Y e rs in ia  i s o l a t e d  when th e  i n i t i a l  l e v e l  was 1000 c e l l s /m l  b u t 
was a l s o  d e te c te d  i n  th e  u n in o c u la te d  c o n t r o l  sam ple w hich had  a p p e a re d  
n o t to  c o n ta in  Y e r s in ia  th ro u g h  PS. The r e s u l t s  a ls o  i n d i c a t e d  th a t  
u s in g  th e  m o d ifie d  medium th e  in c u b a tio n  tim e  a t  4°C need  be no more 
th a n  3 w eeks.
Two m o d ified  s e l e n i t e  b ro th s  fo rm u la te d  by Lee e t  a l . (1 980) w ere 
b a s i c a l l y  p h o sp h a te  b u f f e r ,  m a la c h i te  g reen  and c a r b e n i c i l l i n  w ith  
v a ry in g  am ounts o f  sodium  s e l e n i t e  (0 .1 5 $  and  0 .2 5 $ ) .  B eef an d  po rk  
were a r t i f i c i a l l y  in o c u la te d  w ith  Y. e n t e r o c o l i t i c a  and  in c u b a te d  a t  
22°C f o r  2 -3  days i n  WB and each  o f  th e  s e l e n i t e  b r o th s .  Y e r s in ia  
e n t e r o c o l i t i c a  was re c o v e re d  from  0 . 25$  s e l e n i t e  en rich m en t i n  10 o f  
11 t e s t s  and  t h i s  medium was found  to  b e  l e s s  i n h i b i t o r y  th a n  WB. One 
s t r a i n  o f  Y. e n t e r o c o l i t i c a  was i n h i b i t e d  by  b o th  m a la c h ite  g re e n  and  
c a r b e n i c i l l i n  b u t  o m iss io n  o f  th e s e  a g e n ts  made i s o l a t i o n  o f  Y. e n te ro ­
c o l i t i c a  more d i f f i c u l t  b eca u se  o f  th e  overg row th  o f  o th e r  b a c t e r i a .
4 .  Methods o f  i s o l a t i o n
T hree b a s ic  m ethods nam ely , d i r e c t  p l a t i n g ,  d i r e c t  en ric h m e n t and 
p re -e n r ic h m e n t ,  have been  u sed  f o r  th e  i s o l a t i o n  o f  e n t e r i c  p a th o g en s  
from  fo o d s  and en v iro n m en ta l sam p les . A ll th r e e  te c h n iq u e s  have a l s o  
been  s u g g e s te d  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  s i m i l a r  
sp ec im en s.
D ire c t  p l a t in g  m ethod. D ire c t  p l a t i n g  i s  employed where c o u n ta b le  
num bers o f  th e  p a thogen  c o u ld  be  e x p e c te d  to  b e  found  and would 
n o rm a lly  be used  f o r  c l i n i c a l  sp ec im en s. A sm a ll p o r t io n  o f  th e  
sam pled i s  rubbed  d i r e c t l y  on t o  th e  s u r f a c e  o f  a  s u i t a b l e  a g a r  p l a t e  
and th e  inoculum  f u r t h e r  sp re a d  w ith  a  s t e r i l e  lo o p  to  g iv e  in d iv id u a l  
c o lo n ie s .
Few w orkers have u sed  d i r e c t  p l a t i n g  fo r* th e  i s o l a t i o n  o f  Y. e n te ro ­
c o l i t i c a  from  foods and  even  few er have com pared t h i s  method w ith  an  
en rich m en t te c h n iq u e .
K apperud & Jo n sso n  (1976) c u l tu r e d  swabs from  th e  p y lo r i c  s a c s  o f  
brown t r o u t  d i r e c t l y  on to  l a c to s e  bromothymol b lu e  a g a r  ( D r ig a ls k i  
a g a r )  and in c u b a te d  a t  room te m p e ra tu re  f o r  46 h .  They re c o v e re d  
th r e e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  from  th e  20 brown t r o u t  exam ined.
S ee ly e  & Y earbu iy  (1 979) sp re a d  th e  s u r f a c e  o f  LEE a g a r  w ith  
d ec im al d i l u t i o n s  o f  hom cgenates o f  b e e f  meat w hich had been  s to r e d  f o r  
up to  10 w eeks. Y e r s in ia  e n t e r o c o l i t i c a  was f i r s t  i s o l a t e d  o n ly  a f t e r  
4  weeks s to ra g e  when a p p ro x im a te ly  10 ,000  o rgan ism s/m l w ere p r e s e n t .
L e i s tn e r  e t  a l . (1975) and  S a a r i  & Jan sen  (1979) com pared d i r e c t  
p l a t i n g  and d i r e c t  en rich m en t m ethods. L e i s tn e r  e t  a l . c u l tu r e d  215 
raw m eat sam ples on to  SS and MAC a g a rs  w hich w ere in c u b a te d  a t  25°C 
f o r  48 h ,  Y. e n t e r o c o l i t i c a  was n o t d e te c te d  i n  any sam p les . The same 
sam ples e n r ic h e d  in  PS in c u b a te d  a t  4°C f o r  21 days y ie ld e d  50 s t r a i n s  
o f  Y. e n t e r o c o l i t i c a .
S a a r i  & J a n se n  compared d i r e c t  p l a t i n g  on t o  d eo x y ch o la te  c i t r a t e  
m an n ito l a g a r  and  en richm en t i n  CM in c u b a te d  a t  room te m p e ra tu re  f o r  
3 and 21 days r e s p e c t iv e ly  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  
u n c o n c e n tra te d  r i v e r  w a te r .  D ire c t  p l a t i n g  y ie ld e d  89 i s o l a t e s  and 
en rich m en t in  CMM an  a d d i t io n a l  51 s t r a i n s .
D ire c t  and  p re -e n r ic h m e n t m ethods. D ire c t  en rich m en t i s  u s u a l ly  used  
f o r  sam ples l i k e l y  to  c o n ta in  la r g e  numbers o f n o n -p a th o g e n ic  con tam in ­
a t in g  o rg a n ism s. The sam ple i s  in o c u la te d  i n t o  en richm en t b r o th s  
p o s s ib ly  c o n ta in in g  s e l e c t i v e  a g e n ts  and  a f t e r  in c u b a tio n  a t  e i t h e r ,  
th e  optimum te m p e ra tu re  o f  growth o r  a  s u i t a b l e  s e l e c t i v e  te m p e ra tu re  
f o r  th e  p a th o g en  b e in g  in v e s t ig a t e d ,  th e  b ro th  c u l tu r e s  a r e  s u b - c u l tu r e d  
on to  an  a g a r  medium.
The p re -e n ric h m e n t method i s  g e n e r a l ly  u sed  f o r  i s o l a t i o n  o f  
p a th o g en s  w hich may have been s t r e s s e d  d u r in g  food  p ro c e s s in g ,  e . g .  by 
d ry in g ,  f r e e z in g  o r  h e a t in g .  The sam ples a r e  in o c u la te d  in t o  n u t r i e n t ,
n o n - s e le c t iv e  ty p e  b ro th s  and in c u b a te d  a t  t h e  optimum te m p e ra tu re  
f o r  grow th  o f  th e  p a th o g e n . A f te r  in c u b a tio n  a  p o r t io n  o f  t h i s  b ro th  
i s  t r a n s f e r r e d  to  one o r  more s e l e c t i v e  en rich m en t m edia w h ic h -a re  th e n  
in c u b a te d  a t  e i t h e r  th e  optimum o r  a  s e l e c t i v e  te m p e ra tu re  b e fo re  sub­
c u l tu r e  t o  a g a r  m edia.
Y e r s in io lo g i s t s  have g e n e r a l ly  u sed  on ly  th e  d i r e c t  en rich m en t 
m ethod, u t i l i z i n g  n o t j u s t  a  v a r i e ty  o f  b ro th  m edia b u t a l s o  a  ran g e  o f 
in c u b a t io n  tim e s  and  te m p e ra tu re s .
P h osphate  b u f f e r e d  s a l i n e  h as  in v a r i a b ly  been  in c u b a te d  a t  4°C b u t 
in c u b a t io n  tim e s  su g g e s te d  have v a r ie d  from  3 weeks (Fukushima e t  a l . 
1 9 7 9 ), 3-12  weeks (A lonso e t a l . 1 9 7 9 ) , 8 -9  weeks (P e ix o t to  e t  a l .
1 979) and one group o f  w orkers in c u b a te d  pond w a te r  and  s n a i l  sam ples 
f o r  one y e a r  a t  4°C ( B o tz le r  e t  a l . 1 9 7 6 ).
oO c c a s io n a lly  o th e r  m edia have been  in c u b a te d  a t  4  C, such  a s  CM 
and y e a s t  e x t r a c t - c a s e in - c y s t in e  b ro th  w hich was u sed  t o  i s o l a t e  Y. 
e n t e r o c o l i t i c a  from  ham and f l i e s  (Fukushim a e t  a l . 1 9 7 9 ), FW f o r  
i s o l a t i o n  from  p ig  to n g u e s  (A lonso e t  a l . 1979) and c o ld  m a n n ito l b ro th  
from  se a fo o d s  (P e ix o t to  e t  a l . 1979)•
W auters* b ro th  has b e e n  found  t o  be most s u c c e s s f u l  when in c u b a te d  
a t  22-25°C (C h r is te n s e n  1979; Schiemann 1978a, 1978b, 1980a; Schiem ann 
& Toma 1 978) • The same te m p e ra tu re  h as  a l s o  been  su g g e s te d  f o r  v a r io u s  
m o d ifie d  s e l e n i t e  media (Lee e t  a l . 1980; S te rn  1 9 8 1 ). The h ig h e r  
in c u b a t io n  te m p e ra tu re  o f  35°C a p p e a rs  to  have o n ly  b een  s u g g e s te d  f o r  
GN and SN b ro th s  (G u th e r tz  e t  a l . 1976; Inoue & K urose 1 9 7 5 ).
Some w orkers  have c o n s id e re d  th e  membrane f i l t r a t i o n  te c h n iq u e  to  
be n e c e s s a ry  f o r  th e  ex am in a tio n  o f w a te r s .  The f i l t e r  pad e i t h e r  
b e in g  in c u b a te d  in  b ro th  m edia o r  p la c e d  on t o  th e  s u r f a c e  o f  s e l e c t i v e  
a g a rs  (H ighsm ith  e t  a l . 1977; C h r is te n se n  1979)*
A s e r i e s  o f  s tu d ie s  have been  c a r r i e d  o u t by Schiemann i n  w hich 
he h as  com pared d i r e c t  and p re -e n r ic h m e n t m ethods u s in g  v a r io u s  media 
and in c u b a t io n  tim e3  (Schiem ann 1978a, 1978b, 1980a; Schiem ann & Toma 
1 9 7 8 ). A summary o f  th e  methods and r e s u l t s  o f th e s e  s tu d ie s  i s  shown 
in  T ab le  8 .  No one te m p e ra tu re  o r  medium s to o d  ou t a s  th e  b e s t  f o r  
a l l  fo o d s .  The r e s u l t s  o f h is  s tu d y  in  w hich Schiemann (1980a) 
o b ta in e d  5 4 /6 3  i s o l a t i o n s  o f  Y. e n t e r o c o l i t i c a  from  raw p o rk  th ro u g h  
d i r e c t  en rich m en t i n  WB, w ere i n  d i r e c t  c o n t r a d ic t io n  t o  h i s  e a r l i e r  
s tu d y  i n  w hich  th e  maximum i s o l a t i o n  r a t e  from  raw m ilk  was o n ly  
o b ta in e d  from  WB a f t e r  p re -e n ric h m e n t i n  PS (Schiem ann & Toma 1 9 7 8 ) .
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A u lis io  e t  a l , (1980) su g g e s te d  a l k a l i  t r e a tm e n t o f  en richm en t 
c u l tu r e s  p r i o r  to  s u b - c u l tu r e  to  a g a r  p la t e s  a s  a  means o f  o b ta in in g  
pu re  c u l tu r e s  o f  Y. e n t e r o c o l i t i c a  from  fo o d s . A r t i f i c i a l l y  in o c u la te d  
c h ick en  m eat was in c u b a te d  a t  4 °  (PS o n ly ) o r  26°C f o r  up to  10 days 
i n  PS, s o r b i t o l  b i l e  b r o th ,  h a e m o g lo b in -o x a la te  b i l e  b r o th ,  v e a l  
in f u s io n  b ro th  and B ra in  H e a r t I n f u s io n  b r o th .  One lo o p f u l  o f  each  
b ro th  c u l tu r e  was m ixed w ith  0 .1  ml o f  0 .5 $  p.otassium  h y d ro x id e  i n  
s a l i n e  f o r  a  few  seconds b e fo re  s u b -c u l tu re  to  MAC a g a r .  The re c o v e ry  
r a t e s  a f t e r  p o ta ss iu m  h y d ro x id e  t re a tm e n t com pared to  th o s e  a f t e r  o n ly  
sodium  c h lo r id e  tr e a tm e n t and a f t e r  3 days in c u b a t io n  a t  4°C w ere 3 3 $ / 
6$ r e s p e c t iv e l y ,  a f t e r  7 days 46$A-6$ r e s p e c t iv e l y ,  and a f t e r  10 days 
53 $ /9 3 $  r e s p e c t iv e l y .  Even low l e v e l s  (10-100 o rg an ism s/m l) o f  Y. 
e n t e r o c o l i t i c a  w ere d e te c te d  u s in g  th e  a l k a l i  method on en richm en t 
b ro th s  in c u b a te d  a t  26°C f o r  1 -2  d a y s .
E. Factors affecting the growth and survival of Yersinia enterooolitica
Y e rs in ia  e n t e r o c o l i t i c a  h as  been  i s o l a t e d  from  a  v a r i e ty  o f  e n v iro n ­
m ents in c lu d in g  fo o d  and  w a te r  where th e y  a r e  s u b je c te d  to  many f a c t o r s  
w hich may c a u se  s t r e s s  o r  i n j u r y .  These in c lu d e  a c id  pH, h ig h  sodium 
c h lo r id e  c o n te n t ,  la c k  o f  n u t r i e n t s  and  p re se n c e  o f  c h l o r in e .  The 
organ ism s may a l s o  become s t r e s s e d  by h e a t  o r  o th e r  t r e a tm e n t .  These 
f a c t o r s ,  w hich a f f e c t  th e  b a c t e r i o l o g i s t s  a b i l i t y  t o  i s o l a t e  b a c t e r i a  
a r e  rev iew ed  h e re  i n  r e l a t i o n  to  th e  grow th and s u r v iv a l  o f  Y. e n te ro ­
c o l i t i c a .
1 .  EH
Hanna e t  a l . (1 977b) s tu d ie d  th e  grow th o f  Y. e n t e r o c o l i t i c a - l i k e
organ ism s i n  B ra in  H e a rt I n fu s io n  b ro th  w hich had  been  a d ju s te d  w ith
e i t h e r  sodium h y d ro x id e  o r  h y d ro c h lo r ic  a c id  to  pH v a lu e s  o f  5*0 , 6 .0 ,
7 .0 ,  8 .0  and  9 .0 .  They found  t h a t  grow th o f  th e  s t r a i n s  was b e t t e r  a t
pH 7 .0  and 8 .0  th a n  a t  6 .0  and  9 .0  w ith  l i t t l e  o r  no grow th o c c u r r in g
a t  pH 5*0 o v e r a  24 h in c u b a t io n  p e r io d .
S in ce  th e  work p r e s e n te d  i n  t h i s  t h e s i s  was c a r r i e d  o u t S te rn  e t  a l .
(1 980a) have r e p o r te d  s im i l a r  s tu d ie s  to  th o s e  a l re a d y  d e s c r ib e d  b u t
o oth e y  in c u b a te d  a t  3 &n<1 25 C f o r  10 days and 48 h r e s p e c t i v e l y .  In  
b ro th  a t  pH 4 .6  th e  number o f  o rgan ism s r o s e  t o  10^*^ c e l l s  p e r  ml
w ith  48 h in c u b a t io n  a t  25°C and v ia b le  c e l l s  w ere d e m o n stra te d  in  th e
b ro th  a t  pH 4 .4  th ro u g h o u t th e  48 h in c u b a t io n .  I n  b r o th  in c u b a te d  a t  
3°C th e  pH v a lu e  o f  4 .4  was b a c t e r i a c id a l  o r  b a c t e r i o s t a t i c  to  th e  
d i f f e r e n t  s t r a i n s  o v e r 10 days in c u b a t io n .  These w orkers  a l s o  found  
t h a t  some s t r a i n s  su rv iv e d  a t  th e  ex trem e pH v a lu e s  f o r  up t o  10 d a y s .
2 .  Sodium c h lo r id e  to le r a n c e
HVhen t h i s  p r o j e c t  commenced no in fo rm a tio n  was a v a i l a b l e  on th e
e f f e c t  o f  sodium c h lo r id e  on th e  grow th o f  Y. e n t e r o c o l i t i c a  and  v e ry
l i t t l e  has been p u b lis h e d  to  d a t e .  However, P r u i t t  & Johnson  (1978)
r e p o r te d  t h a t  h e a t  s t r e s s e d  c e l l s  o f  Y. e n t e r o c o l i t i c a  grown on a  r i c h
o
medium showed no s e n s i t i v i t y  to  sodium c h lo r id e  when in c u b a te d  a t  25 C 
w hereas th e r e  was a  3 lo g  d e c l in e  i n  co u n t when in c u b a te d  a t  3°C .
O ther w o rkers, ( S te m  e t  a l . 1 9 8 0 ), d em o n stra te d  t h a t  a t  3°C th e  
g r e a t e s t  in c r e a s e  i n  grow th o f  Y. e n t e r o c o l i t i c a  o c c u rre d  i n  B ra in  
H e a rt I n f u s io n  b ro th  c o n ta in in g  0 .5 $  sodium c h lo r id e  and t h a t  t h e r e  was
s i g n i f i c a n t l y  g r e a t e r  grow th  in  5% com pared to  1% sodium c h lo r id e  
o v e r a  10 day in c u b a t io n  p e r io d .  In  sodium  c h lo r id e  in c u b a te d  a t  
25°C Y. e n t e r o c o l i t i c a  m u l t ip l ie d  from  10^ c e l l s /m l  to  10^*^ c e l l s /m l  
w ith in  48 h . T here was some in h i b i to r y  e f f e c t  by 7% sodium  c h lo r id e
and 9?o was b a c t e r io c i d a l  f o r  th e  s t r a i n s  t e s t e d .  The grow th o f  Y.
. o
e n t e r o c o l i t i c a  i n  5% sodium c h lo r id e  a t  3 C was u n u su a l a s  g e n e r a l ly
e n te r o b a c te r ia  a r e  i n h i b i t e d  a t  t h i s  c o n c e n t r a t io n .  The c e l l  c o u n t s /
ml o f  th e  c l i n i c a l  s t r a i n s  u sed  in  t h i s  s tu d y  w ere found  to  be
s i g n i f i c a n t l y  g r e a t e r  th a n  th e  c e l l  c o u n ts  o f  th e  e n v iro n m en ta l s t r a i n s
u se d .
3 . N u tr ie n ts  and  te m p e ra tu re
Y e r s in ia  e n t e r o c o l i t i c a  i s  a b le  to  s u rv iv e  and  grow i n  fo o d s  
in c u b a te d  a t  b o th  r e f r i g e r a t o r  and am bien t te m p e ra tu re s .  Most o f  th e  
s tu d ie s  have been  c a r r i e d  o u t on raw  and cooked m ea ts . Hanna e t  a l .
(1 977«) s tu d ie d  th e  grow th o f  f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  on b o th
o oraw and cooked b e e f  and  p o rk  h e ld  a t  7 C f o r  10 days and 25 C f o r  24 h .
2 3At b o th  te m p e ra tu re s  th e  grow th from  an i n i t i a l  inoculum  o f  10 -10  
o rg an ism s/g  o f  meat in c re a s e d  s t e a d i l y  t o > 1 0 ^ / g .  At 25°C th e  in c re a s e s  
i n  Y. e n t e r o c o l i t i c a  co u n ts  w ere found  to  be somewhat g r e a t e r  on cooked 
meat th a n  on raw m eat; one s t r a i n  f a i l e d  to  grow a t  7°C on raw b e e f .
I n  a n o th e r  s tu d y  th e  same w o rkers (Hanna e t  a l . 1 977.c) s tu d ie d  th e  
e f f e c t  o f  d i f f e r e n t  m ethods o f  p ackag ing  in  r e l a t i o n  to  th e  developm ent 
o f  Y. e n t e r o c o l i t i c a  on raw b e e f  s t e a k s .  A f te r  in o c u la t io n  th e  s te a k s  
w ere e i t h e r  vacuum packed  in  im perm eable la m in a te d  n y lo n - s a ra n -p o ly  
pouches (02 t r a n s m is s io n  r a t e  32 cc/m / 2 4  h )  o r  w rapped i n  p o ly v in y l 
c h lo r id e  (PVC) (02 t r a n s m is s io n  r a t e  5*1-6»5 l/M ^ /2 4  h ) and  s to r e d  a t  1 ° ,  
2 .5 °  and  5°C f o r  21-35 d a y s . The c o u n ts  o f  Y. e n t e r o c o l i t i c a  and  th e  
t o t a l  a e ro b ic  co u n ts  were c o n s i s t e n t ly  h ig h e r  i n  th e  FVC w rapped s te a k s  
th a n  i n  th e  vacuum p a c k a g e s . The d i f f e r e n c e s  i n  Y. e n t e r o c o l i t i c a  
co u n ts  o f  com parab le  s te a k s  packaged  in  FVC and vacuum packs a f t e r  21 
days a t  5°C w ere i n  th e  o rd e r  o f  1 .9 -4 .1  lo g s  and  a t  1°C 2 .6 - 4 .6  lo g s .  
Y e r s in ia  e n t e r o c o l i t i c a  was e a s i l y  i s o l a t e d  and re c o g n iz e d  i n  b o th  
s tu d ie s  d e s p i te  a  h ig h  background f l o r a .
S te rn  e t  a l . (1980b) exam ined th e  grow th and c o m p e tit iv e  n a tu re  o f  
Y. e n t e r o c o l i t i c a  in  w hole m ilk . A co m b in a tio n  o f  fo u r  s t r a i n s  w ere 
in o c u la te d  w ith  and  w ith o u t f i v e  com peting  p s y c h ro p h il ic  b a c t e r i a  in t o
o ou l t r a  h e a t  t r e a t e d  m ilk  an d  in c u b a te d  a t  3 and  23 C. I n  m ilk  con­
ta in in g  a  p u re  c u l tu r e  o f Y. e n t e r o c o l i t i c a  and in c u b a te d  a t  3°C th e  
coun t in c re a s e d  from  250 to  more th a n  4*6 x 10^ organism s p e r  ml in  
l e s s  th a n  3 weeks* In  th e  m ilk  w ith  com peting  organism s ( P s . f l u o r -  
e s c e n s , M icrococcus v a r i a n s , A lc a lig e n e s  f a e c a l i s  and B* c e re u s )  th e  
t o t a l  co u n t a f t e r  10 days was 1 .7  x 10^ organ ism s /m l an d  Y* e n te ro ­
c o l i t i c a  was o n ly  d e te c ta b le  when th e  m ilk  was s u b -c u l tu re d  o n to  a 
s e l e c t i v e  medium.
I n  a  f u r t h e r  s tu d y ,  Hanna e t  a l . (1977k) in o c u la te d  b e e f  s i r l o i n  
w ith  10^-10^  o r  10 -10^  Y. e n t e r o c o l i t i c a  p e r  gram o f  m eat and  found  
t h a t  e x te n s iv e  r e d u c t io n  to o k  p la c e  d u r in g  4  weeks f ro z e n  s to r a g e  a t  
-1 8  to  -20°C . W ith an  i n i t i a l  inoculum  o f ap p ro x im a te ly  10^ c e l l s  /  
gram no s u rv iv o r s  c o u ld  be  d e te c te d  a f t e r  2 -4  w eeks. W ith th e  h ig h e r  
inoculum  (10 ) th e  r e d u c t io n  o f  one s t r a i n  was th ro u g h  4  lo g s  d u r in g  th e  
same p e r io d .
4* The env ironm ent
The s u r v iv a l  o f  Y. e n t e r o c o l i t i c a  i n  d r in k in g  and s u r f a c e  w a te rs  
h as  b een  o b se rv ed  t o  b e  35 a *id 12 days r e s p e c t iv e l y  (Pokorny 1 9 7 4 ).
I n  Belgium  e x p e rim en ts  have shown t h a t  a t  am bien t te m p e ra tu re  i n  shade 
Y. e n t e r o c o l i t i c a  can  s u rv iv e  i n  s u r fa c e  w a te r  a s  w e ll a s  i n  a  d r ie d  
s t a t e .  S u rv iv a l  tim e  v a r ie d  w ith  th e  ty p e  o f en v iro n m en t. I n  s e a  
w a te r  some s t r a i n s  d is a p p e a re d  i n  a  few  days w h ile  o th e rs  s u rv iv e d  
s e v e r a l  w eeks. In  s p r in g  w a te r  w ith  l i t t l e  o rg a n ic  m a t te r  th e  number 
o f  organ ism s d im in ish e d  r a p id l y  and none c o u ld  b e  c u l t i v a t e d  a f t e r  l j  
m onths. In  d iy  c h e m ic a lly  p u re  sand  th e  number o f  l i v i n g  o rgan ism s 
began  to  f a l l  o f f  a f t e r  3 months and reac h ed  z e ro  a f t e r  6 m on th s. The 
lo n g e s t  s u r v iv a l  tim e  was o b se rv ed  i n  s u r f a c e  w a te r  such  a s  pond w a te r  
w hich i s  r i c h  i n  o rg a n ic  m a t te r ,  a f t e r  more th a n  900 days l i v i n g  
organ ism s c o u ld  s t i l l  be  d e te c te d  (Qye 1 9 7 8 ).
O ther s tu d ie s  by S c h i l l in g e r  & M cFeters (1978) showed t h a t  Y. 
e n t e r o c o l i t i c a  su rv iv e d  in  s tream  w a te r  a t  5* 0 -8 .5 °C  f o r  more th a n  14 
d a y s , by  c o n t r a s t ,  i n  c h lo r in a te d  ta p  w a te r ,  d e s t r u c t io n  (4  lo g s )  
o c c u r re d  w ith in  6 h .
5 .  H eat r e s i s t a n c e  and  th e rm a l in .ju ry
t
Poods a re  f r e q u e n t ly  s u b je c te d  to  h e a t  t r e a tm e n ts  to  a i d  o r  e f f e c t  
p r e s e r v a t io n .
Hanna and co -w o rk ers  have shown t h a t  few  i f  any  Y. e n t e r o c o l i t i c a  
w ould be  e x p e c te d  to  s u rv iv e  i n  fo o d s  h e a te d  th ro u g h o u t t o  60°C f o r  3 
o r  more m in. These w orkers n o t ic e d  c o n s id e ra b le  v a r i a t io n  i n  th e  h e a t  
r e s i s t a n c e  o f  t h e i r  t e s t  c u l tu r e s  i n  skimmed m ilk  e s p e c ia l ly  a t  50°C.
A f te r  10 min one s t r a i n  was re d u c e d  by  a p p ro x im a te ly  4  lo g s  b u t th e  
same tr e a tm e n t had l i t t l e  e f f e c t  on one o f  th e  o th e r  s t r a i n s  u sed  
(Hanna e t  a l . 1 9 7 7 i)  • .
B uckeridge  e t  a l . (1980) s tu d ie d  th e  e f f e c t  o f  th e rm a l in j u r y  on
ore c o v e ry  o f  Y. e n t e r o c o l i t i c a . They h e a te d  th e  organism  a t  50 C and 
62°C f o r  30 min and fo u n d  t h a t  72 h in s t e a d  o f  48 h  in c u b a tio n  o f  th e  
p l a t i n g  o u t m edia was r e q u i r e d  b e fo re  c o lo n ie s  a p p e a re d . Even th e n  th e  
c o lo n ie s  p roduced  w ere v a r ia b le  i n  s i z e  and m ost w ere s m a l le r  th a n  th o s e  
o f  th e  c o rre sp o n d in g  u n t r e a te d  c e l l s  a f t e r  an  i d e n t i c a l  in c u b a t io n  
p e r io d .
O ther w orkers (R e s ta in o  e t  a l .  1980) have found  t h a t  t h e  re c o v e ry  
r a t e  o f  Y. e n t e r o c o l i t i c a  a f t e r  h e a t  in ju r y  i s  d i r e c t l y  r e l a t e d  t o  th e  
menstruum i n  w hich th e  h e a t in g  to o k  p la c e .  They a l s o  fo u n d  t h a t  
c l i n i c a l  i s o l a t e s  a r e  s l i g h t l y  l e s s  s e n s i t i v e  t o  h e a t  s t r e s s  th a n  e n v i r ­
onm ental s t r a i n s .
6 . R a d ia tio n
A lthough  n o t y e t  p e rm it te d  i n  t h i s  c o u n try  io n iz in g  r a d i a t i o n  h as  
been  p ro p o sed  a s  a  means o f  p r e s e rv in g  fo o d s  b u t t h i s  p ro c e s s  does s t i l l  
le a v e  some s u rv iv in g  organ ism s and su b se q u en t r e f r i g e r a t i o n  i s  r e q u i r e d .  
However, a s  Y. e n t e r o c o l i t i c a  w i l l  grow a t  4°C E l-Zaw ahry & Rowley (1 979) 
s tu d ie d  th e  e f f e c t  o f  v a r io u s  p o t e n t i a l  p ro c e s s in g  c o n d i t io n s  on th e  
r a d i a t i o n  r e s i s t a n c e  and  re c o v e ry  o f  t h i s  o rg an ism . They fo u n d  Y. e n te r o ­
c o l i t i c a  to  be am ongst th e  m ost r a d i a t i o n  s e n s i t i v e  o f  th e  n o n -s p o r in g  
fo odborne  b a c t e r i a .  The D v a lu e s  o f  t h r e e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a
i r r a d i a t e d  a t  25°C i n  tx y p t ic a s e  soy  b ro th  ran g ed  from  9 .7 -1 1 .8  k r a d .
o“When i r r a d i a t e d  in  ground b e e f  a t  25 C th e  D v a lu e  o f  th e  one s t r a i n  
u sed  was 1 9 .5  k ra d  and  a t  -30°C 38*8 k ra d .  The a d d i t io n  o f  2,5% 
sodium c h lo r id e  was fo u n d  t o  have l i t t l e  o r  no e f f e c t  on th e  s e n s i t i v i t y  
o f  Y. e n t e r o c o l i t i c a  t o  r a d i a t i o n  i n  e i t h e r  t r y p t i c a s e  soy  b r o th  o r  
ground b e e f .  They a l s o  showed t h a t  Y. e n t e r o c o l i t i c a  s u r v iv in g  
r a d i a t i o n  were no more s e n s i t i v e  to  su b se q u en t f r e e z in g  th a n  non­
i r r a d i a t e d  c e l l s .
AIMS OF THE THESIS
Human in f e c t io n s  w ith  Y. e n t e r o c o l i t i c a  have been  re c o g n iz e d  and  
r e p o r te d  w ith  in c r e a s in g  f re q u e n c y  d u rin g  th e  l a s t  25 y e a r s .  The 
p r i n c i p a l  m a n if e s ta t io n  i s  g a s t r o e n t e r i t i s  b u t th e  organism  h as  a l s o  
been  i s o l a t e d  from  s e p t ic a e m ia s , wounds, eye and o th e r  s i t e s .  The 
t r u e  e p id e m io lo g ic a l p ic tu r e  o f  Y. e n t e r o c o l i t i c a  i n f e c t io n  i s  s t i l l  
u n c le a r  a s  i s o l a t i o n  o f  th e  o rgan ism  h as  depended on th e r e  b e in g  an  
i n t e r e s t e d  and  com petent la b o r a to r y  a v a i l a b l e .
T here i s  p u b lis h e d  ev id en ce  t o  show t h a t  sp re a d  o f  i n f e c t io n  may 
be  by  p e rso n  t o  p e rso n  o r ,  by  im p l ic a t io n ,  from  a  common a n im a l, food  
o r  w a te r  s o u rc e . However, o n ly  one o u tb re a k  in v o lv in g  c h o c o la te  m ilk  
i n  th e  USA h as  been  p roven  t o  be  fo o d b o m e fo llo w in g  i s o l a t i o n  o f  th e  
same b io c h e m ic a l and  s e r o lo g i c a l  ty p e  from  b o th  p a t i e n t s  and  fo o d .
I n  many c o u n t r ie s  o f  th e  w orld  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  h as  
been  r e p o r te d  from  a  w ide range o f  b o th  dom estic  and w ild  an im als  a s  
w e ll  a s  from  raw m eat and  p o u l t r y ,  d a i r y  p ro d u c ts ,  w a te r  and  s e a fo o d .
The i s o l a t i o n  methods and  m edia u sed  f o r  i s o l a t i o n  o f  th e  organism  
have been  to o  d iv e rs e  f o r  com parison  and  m o stly  th e  m edia u sed  have been  
th o s e  fo rm u la te d  f o r  th e  i s o l a t i o n  o f  o th e r  p a th o g e n s . A lthough  one o r  
two w orkers  have fo rm u la te d  b ro th  and  a g a r  m edia s p e c i f i c a l l y  f o r  Y. 
e n t e r o c o l i t i c a  th e s e  have been  f o r  th e  i s o l a t i o n  from  c l i n i c a l  specim ens 
r a t h e r  th a n  from  fo o d s .
Y e r s in ia  e n t e r o c o l i t i c a  s e ro ty p e s  0 :3  and 0 :9  have g e n e r a l ly  been  
c o n s id e re d  to  be th e  o n ly  ty p e s  o f  m e d ica l im p o rta n c e , b u t  o th e r  s e r o ­
ty p e s  such  a s  0:5*27> 0 : 6 ,3 0  and  0 :8  have been  im p lic a te d  w ith  in c r e a s ­
in g  f re q u e n c y  i n  human in f e c t io n s  and  th e s e  a r e  a l s o  known to  o c c u r  i n  
fo o d s .
The number o f  human in f e c t io n s  re c o g n iz e d  and r e p o r te d  i n  th e  UK 
h as  a v e ra g e d  22 p e r  y e a r  s in c e  1973 b u t th e r e  have been  no p u b lis h e d  
r e p o r t s  o f  any  i s o l a t i o n s  from  fo o d s  o r  o th e r  m a te r i a l s .
The p u rp o se  o f t h i s  t h e s i s  i s  t o  s tu d y  th e  g ro w th , s u r v iv a l ,  
i s o l a t i o n  and in c id e n c e  o f  Y. e n t e r o c o l i t i c a  i n  fo o d s  and o th e r  m a te r ia ls  
w ith  a  view  to  im prov ing  th e  m ethods o f  re c o v e ry  o f  t h i s  p a th o g en  so  t h a t  
th e  organism *s in c id e n c e  and p o s s ib le  so u rc e s  in  th e  UK c o u ld  be  a s s e s s e d .  
The fo llo w in g  s tu d ie s  were th e r e f o r e  u n d e r ta k e n .
1. Investigation of the growth and survival of Yersinia enterocolitica
a )  E f f e c t  o f  pH.
b ) E f f e c t  o f  sodium  c h lo r id e .
c ) Growth o f  Y. e n t e r o c o l i t i c a  i n  b o i le d  f i s h ,  p o ta to ,  r i c e ,  
h a r d - b o i le d  eg g , r o a s t  c h ic k e n , c h o c o la te  m ilk  and  m ayonnaise 
s a u c e ,in c u b a te d  a t  te m p e ra tu re s  ra n g in g  from  -2 0 °  to  37°C.
2 .  E v a lu a tio n  o f  i s o l a t i o n  media
a )  Com parison o f  s e v e r a l  b r o th  m edia f o r  grow th o f  Y. e n te ro ­
c o l i t i c a  a t  3 0 ° , 22° and  4°C .
b ) C om parative e v a lu a t io n  o f  a g a r  m edia i n  f r e q u e n t  u se  f o r  th e  
i s o l a t i o n  o f  o th e r  e n t e r i c  pa th o g en s a s  w e ll  a s  any new m edia 
a s  th e y  become a v a i la b l e  d u r in g  th e  c o u rse  o f  th e  p r o j e c t .
c )  I n v e s t i g a t io n  and  p o s s ib le  developm ent o f  new m edia s p e c i f i c a l l y  
f o r  th e  s e l e c t i v e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a .
3 . I s o l a t i o n ,  i d e n t i f i c a t i o n  and in c id e n c e  o f  Y e rs in ia  e n t e r o c o l i t i c a
a )  Com parison o f  i s o l a t i o n  m ethods f o r  Y. e n t e r o c o l i t i c a  from  
a r t i f i c i a l l y  and n a t u r a l l y  c o n tam in a ted  m a te r i a l s .
b ) C h a r a c te r iz a t io n  o f  i s o l a t e s  from  n a t u r a l l y  co n tam in a ted  fo o d s  
and o th e r  m a te r i a l s .
c )  In c id e n c e  and  so u rc e s  o f Y. e n t e r o c o l i t i c a  in  fo o d s  o b ta in e d  
i n  th e  UK.
MATERIALS AND METHODS -  GENERAL
In  t h i s  s e c t io n  th e  m a te r ia l s  and  m ethods u sed  th ro u g h o u t th e  
s tu d y  a r e  d e s c r ib e d .  Methods w hich a r e  a p p l ic a b le  o n ly  to  a  s p e c i f i c  
s e c t io n  a r e  d e s c r ib e d  i n  t h a t  s e c t i o n .  Where com m ercia lly  a v a i la b l e  
m edia and r e a g e n ts  w ere u sed  th e  name and code a r e  g iv e n  and th e  
m a te r ia ls  p re p a re d  a c c o rd in g  to  th e  m a n u fa c tu re r ’ s i n s t r u c t i o n s .
D e ta i l s  o f  o th e r  m edia a r e  d e s c r ib e d  in  f u l l  o r  th e  a p p r o p r ia te  r e f e r ­
ence i s  g iv e n . The b ro th  media w ere s to r e d  a t  room te m p e ra tu re  and
th e  a g a r  p l a t e s  (a p p ro x im a te ly  20 ml in  e a c h ) ,  u n le s s  o th e rw is e  s t a t e d
o ow ere d r ie d  open and in v e r t e d  a t  37 C f o r  1 h  and th e n  s to r e d  a t  4  C
u n t i l  r e q u i r e d .  U n less  s t a t e d  a l l  th e  q u a n t i t i e s  quo ted  f o r  th e  m edia
r e c ip e s  w hich fo llo w  a r e  gram s/m l p e r  l i t r e  o f  d i s t i l l e d  w a te r .
A. M a te r ia ls
1 . Media
Bism uth s u lp h i t e  a g a r  (B S ^). BBL 11031. P la te s  c o n ta in e d  app rox ­
im a te ly  25 ml o f  th e  medium and w ere u sed  w ith in  3 days o f  p r e p a r a t io n .
B ism uth s u lp h i t e  a g a r  (B Sg). D ifco  B72. P la te s  c o n ta in e d  ap p ro x ­
im a te ly  25 ml o f  th e  medium and  w ere u sed  w i th in  5 days o f  p r e p a r a t io n .
B ism uth s u lp h i t e  a g a r  (B S ^). Lab M 1 3 . P la t e s  c o n ta in e d  ap p ro x ­
im a te ly  23 ml o f  th e  medium and  were u sed  w i th in  5 days o f  p r e p a r a t io n .
B ism uth s u lp h i t e  a g a r  (B S ^)• Oxoid CM 201• P la te s  c o n ta in e d  app ro x ­
im a te ly  25 ml o f  th e  medium and w ere u sed  w ith in  5 days o f  p r e p a r a t io n .
B lood a g a r  -  la y e re d  p l a t e s  (BA) g / l  n u t r i e n t  b ro th  No 2 (O xoid CM 67 ) .  
A gar 12 ; d e f ib r i n a te d  h o rse  b lo o d  50* T h is  medium was p o u red  o v e r a  
t h i n  p r e - s e t  l a y e r  o f  pep to n e  w a te r  a g a r .
B ra in  H e a rt I n f u s io n  b ro th  ( BHI) . D ifco  B37.
B ra in  H e a rt In fu s io n  b r o th  (BHI OX). Oxoid CM 225.
B ra in  H e a r t I n f u s io n  a g a r  (BHI a g a r ) . g / l  B ra in  H ea rt I n f u s io n  (D ifco
B37)» Agar 12 .
B ra in  H e a rt I n f u s io n  a g a r  p lu s  dye (BHI + D ). g / l  B ra in  H e a r t  I n fu s io n  
(D ifco  B 37). Agar 12; l a c to s e  10; n e u t r a l  r e d  5 .
B r i l l i a n t  g reen  a g a r  m o d ified  (BG-). Oxoid CM 329 .
B u ffe re d  B ra in  H ea rt In fu s io n  (BBHl). D ouble s t r e n g th  B ra in  H e a rt.
In fu s io n  (D ifc o  B37); e q u a l volume 0.68M M cllv a in es  c i t r i c  a c id  
p h o sp h a te  b u f f e r  s o lu t io n  o f  th e  r e q u ir e d  pH. (G-iegy S c i e n t i f i c  T ab les  
1962).
B u ffe re d  pep to n e  w a te r  (BP) (E d e l & Kampelmacher 1973)• P ep tone
(D ifco  B118) 10 ; sodium c h lo r id e  5 ; d isod ium  hydrogen o rth o p h o sp h a te  
( 1 2 ^ 0 )  9; p o ta ss iu m  d ih y d ro g en  o rth o p h o sp h a te  1 .5 .  The medium was 
s t e r i l i z e d  a t  115 C f o r  10 m in . P in a l  pH 7 .2  0 .1 .
C i t r a t e  a g a r  (m o d ified  from  Simmons 1 9 2 6 ). Sodium c h lo r id e  5 ; 
magnesium s u lp h a te  (MgSO^ 7 ^ 0 )  0 .2 ;  ammonium hydrogen  p h o sp h a te  1; 
d ip o ta s s iu m  hydrogen  p h o sp h a te  1 ; c i t r i c  a c id  2; 0 .2 $  bromothymol
b lu e  40 ; a g a r  2 0 . The c i t r i c  a c id  was added  to  th e  o th e r  in g r e d ie n ts  
in  th e  w a te r ,  th e  r e a c t io n  a d ju s te d  to  pH 6 .8 ,  th e  medium was f i l t e r e d ,  
d i s t r i b u t e d ,  s t e r i l i z e d  a t  115°C f o r  20 min and a llo w ed  to  s e t  a s  s lo p e s .
D ecarb o x y lase  b ro th  (D e c a rb ) . P ep tone  (O xoid L37) 5 ; Lab Lemco (O xoid  L29) 
5 ; p y r id o x a l  h y d ro c h lo r id e  0 , 005 ; g lu c o se  0 .5 ;  b ro m o cre so l p u rp le  
1 ml; 0 .2 $  c r e s o l  r e d  2 .5  nil; a p p r o p r ia te  L-amino a c id  1 0 . The 
medium was d i s t r i b u t e d  in to  t e s t  tu b e s  and co v ered  w ith  a t  l e a s t  J ’1 
heavy  l i q u i d  p a r a f f i n  b e fo re  s t e r i l i z a t i o n  a t  108°C f o r  30 m in.
D eoxycho la te  c i t r a t e  a g a r  (DCA) (m o d if ie d  from L e ifso n  1935) .
Base a g a r  Y e a s t r e l  5 ; p ep to n e  (O xoid L37) 5 ; l a c to s e  10 ; a g a r  (D av is  
New Z ea lan d ) 1 1 ;. 1 $  n e u t r a l  r e d  s o lu t io n ,  aqueous 0 .7 5  n il.
S o lu t io n  A t r i - s o d iu m  c i t r a t e  170; sodium  th io s u lp h a te  170;
ammonium f e r r i c  c i t r a t e  (brow n) 2 0 .
S o lu tio n  B sodium  d eo x y ch o la te  s ta n d a rd iz e d  by PHLS (K en d a ll 
1 982b) n o rm a lly  1 0 0 .
F o r u se  b a se  a g a r  400 ml; s o lu t io n  A 20 m l; s o lu t i o n  B 6 m l.
D eoxychola te  c i t r a t e  s u c ro s e  a g a r  (DCSA) (m o d if ie d  from  L e if s o n  1 9 3 5 ).
Base a g a r  Y eas t e x t r a c t  5 ; p ep to n e  (O xoid L37) 5 ; l a c to s e  10; su c ro s e  
10 ; a g a r  (D avis New Z ea lan d ) 13; n e u t r a l  r e d  0 .7 5  nil; d i s t i l l e d  
w a te r  900 m l.
S o lu tio n  A a s  DCA.
S o lu tio n  B a s  DCA.
F o r u se  a s  DCA.
D eo x y rib o n u c lease  s o r b i t o l  a g a r  (DNA) (Lee 1 9 7 7 ). g A  LNA t e s t  a g a r  
(D ifco  0632 ) .  Tween 80 10 ; s o r b i t o l  10 ; sodium l a u i y l  s u lp h a te  0 .3 ;  
c a lc iu m  c h lo r id e  0 .2 ;  a c r id in e  o range 40 mg; t r i p h e n y l  te t r a z o l iu m
c h lo r id e  25 mg.
D ia g n o s tic  s e n s i t i v i t y  t e s t  a g a r  (DST). Oxoid CM 261.
E o s in  m ethy lene  b lu e  a g a r  (EMB). Oxoid CM 69 .
G e la t in  s t a b s . D ifco  B11 .
G lucose p h o sp h a te  b r o th  (GPB). Pep tone 5 ; p o ta ss iu m  d ih y d ro g eh  p h o sp h a te  
(KHgPO^) 5 ; g lu c o se  5 .  The in g r e d ie n ts  werfe m ixed u n t i l  d is s o lv e d ,  
d i s t r i b u t e d  i n  5 ml q u a n t i t i e s  i n  tu b e s  and  s t e r i l i z e d  a t  115°C f o r  10 
m in.
G ram -negative  b r o th  (&N) (H ajna 1 9 5 5 ). D ifco  0486.
H a r t le y  d ig e s t  b ro th  (HD) (m o d if ie d  from H a r t le y  1 9 2 2 ). M inced m eat 
555; sodium c a rb o n a te  7 .3 ;  p a n c r e a t ic  e x t r a c t  (C o le  & Onslow 1916) 18; 
c h lo ro fo rm  18; h y d ro c h lo r ic  a c id  1 5 *
H ed ley  W right b r o th  (HW) (m o d ified  from  W right 1 9 3 3 ). M inced f a t - f r e e  
m eat 455 ; p ep to n e  (Lab M No 1 ) 10; sodium  c h lo r id e  5 .
H ektoen  e n t e r i c  a g a r  (HEK). Oxoid CM 41 9#
Hugh and  L e i f s o n 1s OF a g a r  (H & L) (Hugh & L e ifso n  1 9 5 3 ). P ep to n e  2; 
sodium  c h lo r id e  5 ; d ip o ta s s iu m  hydrogen p h o sp h a te  0 .3 ;  a g a r  3 ; 0 .2 $
bromothymol b lu e  15 ml; 10$  s t e r i l e  g lu c o se  1 0 . The in g r e d i e n ts  w ere 
m ixed , t h e  r e a c t io n  a d ju s te d  to  pH 7.1 > f i l t e r e d ,  d i s t r i b u t e d  in to  tu b e s  
t o  g iv e  a  column o f  medium 1-J-” h ig h  and th e n  s t e r i l i z e d  a t  115°C f o r  20 
m in .
L ac to se  su c ro s e  u re a  a g a r  (LSU) (m o d if ie d  from  J u h l in  & E r ic so n  1 9 6 1 ) .
Base a g a r  g /850  ml o f  d i s t i l l e d  w a te r .  L ac to se  40 ; su c ro se  40 ; b e e f
e x t r a c t  (D ifco  0126) 5 ; p ro te o s e  pep to n e  No 3 (D ifco  0122) 3 ; p e p to n e
(D ifco  0118) 7 ; d isod ium  hydrogen  p h o sp h a te  (Na2HP0^2H20 ) 6 .2 ;  p o ta ss iu m  di-
hydrogen  p h o sp h a te  (KH2P0^) 4 .3 4 ; a g a r  1 5 . The a g a r  was d is s o lv e d  i n
th e  w a te r  by so ak in g  o v e rn ig h t a t  room te m p e ra tu re  fo llo v /ed  by  h e a t in g  
o
a t  115 C f o r  15 m in. T h is  method d is s o lv e d  th e  a g a r  r a p id l y  and
e n su re d  t h a t  f r e e  oxygen was removed from  th e  w a te r  b e fo re  th e  a d d i t io n
o f  th e  rem a in in g  in g r e d ie n ts  w hich th e n  re c e iv e d  m inim al h e a t in g  d u r in g
osu b se q u en t s t e r i l i z a t i o n  a t  115 C f o r  15 m in.
S o lu tio n  A g /53  ml o f  d i s t i l l e d  w a te r .
P o tass ium  t e t r a t h i o n a t e  (Merck A rt 5169 ) 0 .5 ;  u re a  5; 
sodium d eo x y ch o la te  2 ; t r i - s o d iu m  c i t r a t e  2 .  The
in g r e d ie n ts  were d is s o lv e d  by h e a t in g  a t  80°C f o r  20 m in .
S o lu tio n  B g / l  00 ml o f  d i s t i l l e d  w a te r .
W ater b lu e  (M erck A rt 1279) 2 . S t e r i l i z e d  a t  121°C 
f o r  15 m in .
S o lu tio n  C gA-0 ml o f d i s t i l l e d  w a te r .
P henol r e d  (Merck A rt 7241) 1 ; a b s o lu te  a lc o h o l 60.
The phen o l re d  was d is s o lv e d  in  th e  a b s o lu te  a lc o h o l 
and th e n  h e a te d  i n  a  b o i l i n g  w a te r  b a th  u n t i l  s e e th in g .  
The d i s t i l l e d  w a te r  was h e a te d  to  b o i l in g  an d  added t o  
th e  p h en o l r e d /a lc o h o l  m ix tu re .
S o lu tio n  3) g /40  ml o f  d i s t i l l e d  w a te r .
A lp h a -n a p h th a l p h th a le in  (M erck A rt 624 6 ) 1 ; a b s o lu te  
a lc o h o l  60 . The a lp h a -n a p h th a l  p h th a le in  was d is s o lv e d  
i n  th e  a b s o lu te  a lc o h o l  and th e n  h e a te d  in  a  b o i l in g
w a te r  b a th  u n t i l  s e e th in g .  The d i s t i l l e d  w a te r  was
h e a te d  to  b o i l i n g  and added  to  th e  s e e th in g  m ix tu re .
F o r u se  To th e  m o lten  b a se  a g a r  was added  s o lu t io n  A ( a l l ) ;
s o lu t io n  B 3 m l; s o lu t io n  C 10 ml and s o lu t io n  D 10 m l. 
The pH was 6 .6  w ith o u t a d ju s tm e n t. Where p o s s ib le  th e  
in g r e d ie n ts  w ere A n a ly t ic a l  R eagent g ra d e .
Lee a g a r  (LEE) (Lee 1 9 7 7 ). gA  MacCorikey a g a r  (O xoid CM 7 ) .  Tween 80 
10 ; ca lc iu m  c h lo r id e  0 .2 .
MacConkey a g a r  (MAC). Oxoid CM 7 .
M alonate b r o th . bromothymol b lu e  ( a lc o h o l ic )  2 .5  m l; ammonium
s u lp h a te  2 ; d ip o ta s s iu m  hydrogen  o r th o p h o sp h a te  0 .6 ;  p o ta ss iu m  d i ­
hydrogen  o r th o p h o sp h a te  0 .4 ;  sodium c h lo r id e  2 ; sodium m alo n a te  3; 
D L -pheny la lan ine  2 ; y e a s t r e l  1 •
M o t i l i ty  a g a r  (b a se d  on B a c to - m o ti l i ty  G-1 medium, D ifco  8 0 6 9 ). B ra in  
H e a r t In fu s io n  (D ifco  B37) 25; g e l a t i n  5 3 .4 ; a g a r  3 . The medium was 
s t e r i l i z e d  a t  121°C f o r  15 min and d i s t r i b u t e d  in to  50 mm p e t r i  d is h e s  
t o  g iv e  a  l a y e r  3 -4  mm deep .
N i t r a t e  b ro th  (N 0^). g / l  n u t r i e n t  b ro th  No 2 (O xoid CM 67) .  P o ta ss iu m
n i t r a t e  1 • The n i t r a t e  was d is s o lv e d  i n  th e  n u t r i e n t  b r o th ,  d i s t r i b u t e d
o
i n t o  tu b e s  c o n ta in in g  an  in v e r te d  Durham’ s tu b e  and s t e r i l i z e d  a t  115 C 
f o r  20 m in.
N u tr ie n t  a g a r  (NA). g / l  n u t r i e n t  b ro th  No 2 (Oxoid CM 67 ) .  A gar 12 . 
N u tr ie n t  b r o th  (ND). D ifco  B3.
N u tr ie n t  b ro th  (NB). Oxoid CM 67 .
O r th o - n i t ro  p h en y l-(3 -g a lac to p .y ran o s id e  b ro th  (ONPG) (Lowe 1 9 ^ 2 ).
ONPG- s o lu t io n  0 - n i t r o - p h e n y l - 3-g a la c to p y ra n o s id e  6 grams d is s o lv e d  
in  0.01 M d isod ium  hydrogen  p h o sp h a te  pH 7 .5  > 
s t e r i l i z e d  by f i l t r a t i o n  and s to r e d  a t  4°C in  th e  
d a rk .
F o r use ONPG- s o lu t io n  (250 m l) added  a s e p t i c a l l y  to  p ep to n e
w a te r  (750  m l) , d i s t r i b u t e d  in  2 .5  ml volum es and 
o
s to r e d  a t  4  C.
P e c t in  a g a r  (PEC) (Bowen & Kominos 1 9 7 9 ) . Y east e x t r a c t  (D ifc o  B127) 
5 ; 10$  aqueous ca lc iu m  c h lo r id e  6; a g a r  7 ; p h en o l re d  0 . 1 4 ; sodium
s a l t  p o ly g a la c tu r o n ic  a c id  (Sigma P i879) 30. The pH must n o t exceed  7 .3  
and t h e  medium m ust n o t be a llo w e d  to  s e t  d u r in g  p r e p a r a t io n  b eca u se  i t  
can  n o t be r e -m e l te d .
P ep to n e  w a te r  (FW). P ep tone  10; sodium  c h lo r id e  5-
P ep tone  w a te r  a g a r  (F»7A). Pep tone 10; sodium c h lo r id e  5 ; a g a r  12 .
P ep to n e  w a te r  s u g a rs  (PWS). P ep tone  (O xoid L34) 10; sodium c h lo r id e  
5 ; A ndrades i n d i c a t o r  10; 10$ s u g a r  s o lu t io n  5 0 .
A ndrades i n d i c a t o r  (m o d if ie d  from  Andrade 1906). A cid  fu c h s in  5 ;
norm al sodium  h y d ro x id e  150-180. The a c id  
f u c h s in  was d is s o lv e d  in  w a te r  and 150ml sodium  
h y d ro x id e  ad d ed , mixed and l e f t  to  s ta n d  f o r  24h 
w ith  f r e q u e n t  s h a k in g . I f  n e c e s s a ry  more a l k a l i  
was added  u n t i l  th e  r e q u ir e d  c o lo u r  change from  
re d  to  brown was a t t a i n e d .
S ugar s o lu t io n s  R eq u ired  s u g a r  100. D is so lv e d  in  w a te r  and
s t e r i l i s e d  by s team in g  a t  100°C f o r  30 min on 3 
c o n s e c u t iv e  d a y s .
P h e n y la la n in e  a g a r  (PPA) (Ewing e t  a l . 1 9 5 7 ) . D L -p h en y la lan in e  2; 
y e a s t  e x t r a c t  3 ; d isod ium  hydrogen  p h o sp h a te  1 ; sodium  c h lo r id e  5 ; 
a g a r  2 0 . The in g r e d ie n ts  w ere d is s o lv e d  by h e a t in g  i n  th e  w a te r ,  
f i l t e r e d ,  tu b e d ,  s t e r i l i z e d  a t  115°C f o r  20 min and s o l i d i f i e d  i n  a 
s l a n t i n g  p o s i t i o n  t o  g iv e  a  lo n g  s lo p e .
P h o sp h a te  b u f f e r e d  s a l i n e  (P S ). P o tass iu m  d ih y d ro g en  p h o sp h a te  9 .1 2 ;
d isod ium  hydrogen  p h o sp h a te  9 .5 ; sodium  c h lo r id e  8 . 5 . The s o lu t i o n  
was s t e r i l i z e d  a t  115°C f o r  10 m in.
R in g e r  s o lu t io n  -  q u a r t e r - s t r e n g th  (R S ). Oxoid t a b l e t s  BR52.
S e le n i te  F b ro th  (S F ). Sodium hydrogen s e l e n i t e  4 ; p ep to n e  (O xoid L37)
5; m a n n ito l 4 ; d isodium  hydrogen  p h o sp h a te  7 .3 ;  sodium d ihyd rogen
p h o sp h a te  5*3 . The in g r e d ie n ts  w ere d is s o lv e d  a t  60°C and  s t e r i l i z e d  
by f i l t r a t i o n *
S e le n i te  c y s t in e  b ro th  (SC ). D ifco  0687.
S a lm o n e lla -S h ig e lla  a g a r  (S S ). Oxoid CM 99.-
S a lm o n e lla -S h ig e lla  p lu s  d eo x y ch o la te  a g a r  (S3 + D) (W auters 1 9 7 3 ). g / l
SS a g a r  (O xoid CM 9 9 ) .  Sodium d eo x y ch o la te  2 0 . The pH a d ju s te d  to  
7 .6  t o  p re v e n t th e  p r e c i p i t a t i o n  o f  th e  b i l e  s a l t .
Sodium o x a la te  a g a r  (SO) (S o lte s z  e t  a l » 1 9 8 0 ). B a c te r io lo g ic a l  pep tone  
(O xoid L37) 13; c a s e in  h y d ro ly s a te  (Oxoid L41) 5} l a c to s e  10 ; sodium 
o x a la te  (BDH) 8; sodium  d e o x y ch o la te  1 6 ; sodium c h lo r id e  5 ; b i l e  
s a l t s  (O xoid L33) 3 ; n e u t r a l  r e d  0 .0 8 ; a g a r  (D ifco  B140) 2 0 .
Supplem ented p h o sp h a te  b u f f e r e d  s a l i n e  (s) (Mehlman e t  a l . 1978)
D isodium  hydrogen  p h o sp h a te  8 .2 3 ; sodium  d ihyd rogen  o rth o p h o sp h a te  1 .2 ;  
sodium c h lo r id e  5 ; s o r b i t o l  10; b i l e  s a l t s  (Oxoid L53) 1 .3 .  S t e r i l ­
iz e d  a t  121°C f o r  15 m in , f i n a l  pH 7*6 + 0 .1 .
T h io su lp h a te  c i t r a t e  b i l e  s a l t  c h o le ra  a g a r  (TCBS). Oxoid CM 333 .
Todd H ew itt b ro th  (TH) (Todd & H ew itt 1 9 3 2 ) . M inced f a t  f r e e  m eat 
434; neopep to n e  20; sodium  hydrogen  c a rb o n a te  2 ; g lu c o se  2 ; sodium  
c h lo r id e  2 ; d isodium  hydrogen  o rth o p h o sp h a te  1; 1 2 .5N sodium
h y d ro x id e  2 .7 .
T rv p t ic a s e  so y  b ro th  w ith  d e x tro s e  (TS + D ). BBL 11768,
T ry p t ic a s e  so.y b ro th  w ith o u t d e x tro s e  (T S ). BBL 11774.
U rea a g a r  (C h r is te n se n  1 9 4 6 ). P ep tone 1 ; sodium  c h lo r id e  5 ; sodium
dih y d ro g en  ph o sp h a te  2 ; g lu c o se  1 ; 0,2% p h en o l re d  6; 20% s t e r i l e
aqueous u re a  s o lu t io n  100; a g a r  2 0 . The g lu c o se  and ph en o l r e d  w ere 
added to  th e  r e s t  o f  th e  in g r e d ie n ts  a f t e r  s t e r i l i z a t i o n .  The medium 
was a llo w e d  to  s e t  as  s lo p e s .
W auters b r o th  (WB) (W auters 1 9 73 ).
S o lu tio n  A T ry p to n e  (B ac to  123) 1 0 . S t e r i l i z e d  a t  121°C f o r  15 m in . 
S o lu tio n  B Disodium  hydrogen p h o sp h a te  1 1 .8 8 . S t e r i l i z e d  by  
b o i l i n g  f o r  1 h .
S o lu tio n  C Magnesium c h lo r id e  40 0 . S t e r i l i z e d  by b o i l i n g  f o r  1 h .
S o lu tio n  D g /l  00 m l. M alac h ite  g re e n  2 .
S o lu tio n  E m g/m l. C a r b e n ic i l l in  1 ,0 0 0 ; d is s o lv e d  in  s t e r i l e
d i s t i l l e d  w a te r .
F o r u se  The fo llo w in g  were m ixed to g e th e r :  s o lu t io n  A 620;
s o lu t io n  B 160; s o lu t io n  C 208; s o lu t io n  D 6 .4 ;
s o lu t io n  E 1 .2 .  The medium was s to r e d  a t  4°C .
X ylose ly s in e  d e o x y ch o la te  a g a r  (XLD). BBL 11838.
2 . R eagen ts
Alpha n a p h th o l s o l u t i o n . o C -n ap h th o l 5 ; e th a n o l 100 m l.
F e r r i c  c h l o r i d e . F e r r i c  c h lo r id e  10; w a te r  100 m l.
K ovacf s r e a g e n t . p -d im e th y l-a m in o b e n za ld e h y d e  5 ; amyl a lc o h o l  73 m l; 
c o n c e n tr a te d  h y d ro c h lo r ic  a c id  23 m l. S to re d  a t  4°C and p r o te c te d  from  
th e  l i g h t .
M ethyl r e d  s o l u t i o n . M ethyl r e d  0 .0 4 ; e th a n o l 40 ; d i s t i l l e d  w a te r  
made up to  100 m l.
N i t r a t e  t e s t  r e a g e n ts
S o lu tio n  A s u lp h a n i l i c  a c id  0 .8 ;  5 N -ace tic  a c id  100 m l.
D isso lv e d  by g e n t le  h e a t in g .
S o lu tio n  B a lp h a -n a p h th y la m in e  0 :5 ;  . 5 N -a c e tic  a c id .  D isso lv e d  
by  g e n t le  h e a t in g  and s to r e d  i n  a  d a rk en ed  b o t t l e .
P h o sp h a tase  re a g e n ts
B u ffe r  s o l u t i o n . Anhydrous sodium c a rb o n a te  3*5; sodium b ic a rb o n a te
1 .5 .  D isso lv e d  i n  d i s t i l l e d  w a te r  and  made up to  1 1 .
B u ffe r  s u b s t r a t e . D isodium  p -n i t ro p h e n y l  pho sp h ate  0 .1 5 ;  made up t o  
100 ml w ith  b u f f e r  s o lu t i o n .  The b u f f e r  s u b s t r a t e  
was s to r e d  in  th e  r e f r i g e r a t o r  and p r o te c te d  from  
l i g h t  and  d is c a rd e d  a f t e r  1 week.
3 . A n t ib io t ic s  and a n t i b a c t e r i a l  a g e n ts
M u lto d isc  Oxoid 30-44K. A m p ic ill in  25 fig;  c o l i s t i n  s u lp h a te  10 fig; 
s u lp h a fu ra z o le  500 fig; n i t r o f u r a n to in  200 fig; kanaraycin 30 fig;  
s tre p to m y c in  25 fig;  ch lo ram p h en ico l 50 fig and  t e t r a c y c l i n e  50 f ig .
M u lto d isc  Oxoid 114. A m p ic ill in  25 fig; c a r b e n i c i l l i n  100 fig; cep h a- 
l o r i d in e  25 f ig;  c o l i s t i n  s u lp h a te  10 f ig;  g en tam ic in  10 fig; s u lp h a -  
f u r a z o le  500 fig;  s u lfa m e th o x a z o le /tre im e th o p r im  (c o - tr im o x a z o le )  25 f ig  
and t e t r a c y c l i n e  50 f ig,
M u lto d isc  Oxoid 725E. A m p ic ill in  2 fig; c e p h a lo r id in e  5 p g ; chloram ­
p h e n ic o l 10 fig; e ry th ro m y c in  10 fig; kanam ycin 5 f igi  p e n i c i l l i n  G- 1 .5  
u n i t s ;  s tre p to m y c in  10 yug and t e t r a c y c l i n e  10 f ig.
S in g le  s e n s i t i v i t y  d is c  (O x o id ), n a l i d i x i c  a c id  30 f ig .
S in g le  s e n s i t i v i t y  d is c  (O xoid), - fu ra z o l id o n e  100 jig .
S in g le  s e n s i t i v i t y  d is c  (O xoid), n eo n y c in  30 f ig •
S in g le  s e n s i t i v i t y  d is c  (Oxoid), s u lp h a t r i a d  300 f ig,
4 .  Equipm ent
C o n ta in e rs . S t e r i l e  4 o z , 11b and  21b wide mouth screw -capped  j a r s  w ere 
u sed  f o r  a l l  th e  grow th s tu d i e s .
In c u b a to r s .  T hese w ere th o s e  in  g e n e ra l u se  w i th in  th e  Food H ygiene
L a b o ra to ry . W ith th e  e x c e p tio n  o f  12° and 22°C th e y  c o u ld  be  r e g u la te d
to  w ith in  + 1°C .
12°C . T h is  was a  r e f r i g e r a t o r  s e t  t o  ru n  a t  th e  h ig h e s t  te m p e ra tu re .
o oT here was a  te m p e ra tu re  f l u c t u a t i o n  betw een 12 and 15 C.
22°C. T h is  was n o t eq u ipped  w ith  any means o f  c o o l in g .  The m in i­
mum te m p e ra tu re  o b ta in e d  was 22°C b u t th e  maximum te m p e ra tu re  
depended on t h a t  o f  a m b ien t. T hroughout th e  work th e  te m p era ­
t u r e  a s  re c o rd e d  each  day was 24°C + 1°C .
pH p a p e r s . Merck n o n -b le e d in g  ty p e ; a c i l i t ,  pH 0 -6 .0  (A rt 9531);
n e u t r a l i t ,  pH 5 .0 " ^ 0 .0  (A rt 9533); a l k a l i t  pH 7 . 5- 1 4 .0  (A rt 9532);
u n iv e r s a l  in d i k a to r  pH 0 -1 4 .0  (A rt 9535 ).
U l t i p e t t e  (B arky  In s tru m e n ts  L td ) .  An a d ju s ta b le  a u to m a tic  p i p e t t e  
u s in g  p a s te u r  p i p e t t e s  in s te a d  o f  p l a s t i c  t i p s  and cap a b le  o f  d e l iv e r in g
0 . 1 - 2 .0  ml volum es.
5* Reference organisms
A c o l l e c t i o n  o f  f i v e  Y e rs in ia  e n t e r o c o l i t i c a , one Y e rs in ia  pseudo­
tu b e r c u lo s i s  and e le v e n  s t r a i n s  r e p r e s e n t in g  o th e r  g en era  from  th e  
Ent e ro b a c te r ia c e a e  was a ssem b led . E xcept f o r  one s t r a i n  o f  Y. e n te ro -  
c o l i t i c a  th e y  w ere o r i g i n a l l y  i s o l a t e d  from  e i t h e r  human o r  fo o d  s o u rc e s .  
T hese b a s ic  r e f e r e n c e  o rgan ism s a r e  l i s t e d  i n  T able 9 .
D uring  th e  c o u rse  o f  t h e  i n v e s t ig a t io n s  o th e r  s t r a i n s  w ere added  
to  th e  o r i g i n a l  c o l l e c t io n  an d  th e s e  a r e  shown in  a  su p p lem en ta ry  l i s t  
(T ab le  1 0 ) .
T ab le  9 
R e fe ren ce  o rgan ism s
S t r a in I d e n t i t y  code Source and  rem arks
Y e r s in ia  e n t e r o c o l i t i c a FHLS L e ic e s te r Human S ero ty p e  0 :3
Y e r s in ia  e n t e r o c o l i t i c a FHLS L e ic e s te r -Human S ero ty p e  0 :6 ,3 0
Y e r s in ia  e n t e r o c o l i t i c a FHLS L e ic e s te r Human S ero ty p e  0 :9
Y e r s in ia  e n t e r o c o l i t i c a NCTC 10460 C h in c h il la Denmark
Y e rs in ia  e n t e r o c o l i t i c a NCTC 10598 Human B lood
Y e r s in ia  pseudo­
tu b e r c u lo s i s NCTC 10216 Human -
E n te ro b a c te r  c lo a c a e NCTC 8155 D ried  m ilk Food H ygiene Lab.
E s c h e r ic h ia  a lk a le s c e n s NCTC 7925 Unknown -
E s c h e r ic h ia  c o l i QC 21043/75 S im u la ted
fa e c e s
FHLS q u a l i ty  
c o n t r o l  su rv e y
E s c h e r ic h ia  c o l i NCTC 10418 Unknown A n t ib io t ic  a s s a y  
c o n t r o l
H afn ia  a l v e i . NCTC 9540 W ater U.K.
K le b s ie l la  ae ro g e n e s NCTC 8846 Ic e  cream FHLS B ra d fo rd
P ro te u s  m i r a b i l i s NCTC 2896 Minced
h e a r t
U.K.
Red Mouth* b a c te r iu m NCTC 10476 Rainbow
t r o u t
K idney
S alm o n ella  typhim urium F5621/75 Sausage Food H ygiene Lab.
S h ig e l la  f l e x n e r i NCTC 8519 Human S ero ty p e  2a
S h ig e l la  so n n e i F2040/76 S im u la ted
f a e c e s
FHLS q u a l i t y  
c o n t r o l  su rv e y
* = r e c l a s s i f i e d  as Y e rs in ia  r u c k e r i  (Skerman e t  a l . 1980); PHLS = 
P u b lic  H e a lth  L a b o ra to ry  S e rv ic e ; NCTC = N a tio n a l C o lle c t io n  o f  Type 
C u ltu re s ;  QC = Q u a li ty  C o n tro l; F = Food H ygiene.
T ab le  10
Supplementary reference organisms
S t r a in s  from  t h i s  su p p lem en ta ry  l i s t  o f  r e f e r e n c e  organ ism s 
w ere in c lu d e d  in  some o f  th e  s tu d ie s  when i t  was th o u g h t 
t h a t  u s e f u l  a d d i t io n a l  in fo rm a tio n  could- be o b ta in e d .
S t r a i n I d e n t i t y  code Source and  rem arks
A erob ic s p o r in g  b a c i l l u s F4278/77 Cooked
prawns
R o u tin e  i s o l a t e
B a c i l lu s  a l v e i NCTC 3349 Bees F o u l b ro o d
B a c i l lu s  c e re u s F5089/75 Human -
G ra m -p o s itiv e  coccus A F4278/77 Cooked
prawns
R o u tin e  i s o l a t e
G ram -p o s itiv e  coccus B F4278/77 Cooked
praw ns
R o u tin e  i s o l a t e
Pseudomonas a e ru g in o sa DHI Habs s e ro ty p e  1
Y e rs in ia  e n t e r o c o l i t i c a Y46 Pork S e ro ty p e  0:3> 27
Y e rs in ia  e n t e r o c o l i t i c a Y63 Pork S e ro ty p e  0 :6 ,3 0
Y e rs in ia  e n t e r o c o l i t i c a Y136 M ilk S ero ty p e  0 :8
P ro te u s  m o rg an ii NCTC 235 Human Summer
d ia r rh o e a
P ro te u s  r e t t g e r i NCTC 7473 Human F aeces
P ro te u s  v u lg a r i s NCTC 4175 Unknown -
P ro v id e n c ia  s p . NCTC 6344 Human B a c i l l a r y
d y s e n te ry
P = Pood H ygiene; NCTC = N a tio n a l C o l le c t io n  o f  Type C u ltu re s ;
DHI = D iv is io n  o f  H o sp ita l  I n f e c t io n ;  Y = Y e r s in ia ,  food  i s o l a t e .
B. Methods
1 • M ain tenance o f  r e f e r e n c e  s t r a i n s
The b a s ic  and su p p lem en ta ry  r e f e r e n c e  s t r a i n s  w ere m a in ta in e d
th ro u g h o u t t h i s  s tu d y  on d u p l i c a te  n u t r i e n t  a g a r  s lo p e s  i n  screw -
capped  b o t t l e s .  These w ere s to r e d  a t  room te m p e ra tu re  a f t e r  i n i t i a l  
o
in c u b a t io n  a t  30 C f o r  24 h . One c u l tu r e  was r e t a in e d  unopened and  
k e p t a s  a  s to c k  c u l tu r e  and  th e  o th e r  was u sed  a s  a  w orking  c u l t u r e .
Only when n e c e s s a ry  ( i n  some c a s e s  a f t e r  a s  lo n g  a s  th r e e  y e a r s )  was 
th e  s to c k  c u l tu r e  s u b -c u l tu re d  t o  B ra in  H e a rt I n fu s io n  a g a r  p l a t e s  to  
check p u r i t y  and a  new w orking  c u l tu r e  p re p a re d .
The r e f e r e n c e  o rgan ism s w ere s u b - c u l tu re d  from  th e  w ork ing  
c u l tu r e s  t o  B ra in  H e a rt I n f u s io n  a g a r  p l a t e s  to  check p u r i t y  and  e n su re  
t h a t  each  was grow ing r e a d i l y  b e fo re  e v e ry  e x p e rim e n t.
2 . P r e p a ra t io n  o f  in o c u la
O v ern ig h t B ra in  H ea rt In fu s io n  b ro th  c u l tu r e s  which had been  in c u b ­
a te d  a t  30°C w ere d i l u t e d  w ith  q u a r te r * s t r e n g th  R in g e r s o l u t i o n .  U n less  
o th e rw ise  s t a t e d  an  i n i t i a l  d i l u t i o n  was made u s in g  a  s ta n d a rd  o p a c i ty  
tu b e  e q u iv a le n t  to  1000 x  10^ E . o o l i / ml f o r  com parison . F u r th e r  
d i l u t io n s  w ere made to  g iv e  e s tim a te d  c o n c e n tra t io n s  o f  th e  o rgan ism s a s  
r e q u i r e d .
3 . S u rface  c o lo n y  coun ts
An U l t i p e t t e  w hich had been c a l ib r a t e d  and  f ix e d  to  d e l i v e r  1 ml
volum es was u sed  to  p re p a re  t e n - f o l d  d i l u t i o n s  i n  q u a r te r * s t r e n g th
R in g e r s o lu t io n .  The s u r f a c e  co lony  co u n ts  w ere made u s in g  a  m o d if ie d
s u r f a c e  drop  te c h n iq u e  (T h a tc h e r  & C la rk  1 968) on B ra in  H e a r t  I n f u s io n
o _
a g a r  p lu s  dye p l a t e s  w hich w ere in c u b a te d  a t  30 C f o r  48 h .
B ro th  c u l t u r e s . D u p lic a te  sam ples o f  th e  b ro th s  w ere p re p a re d  f o r  each  
s tu d y . One r e p l i c a t e  j a r  o f  b ro th  was in o c u la te d  w ith  th e  t e s t  s t r a i n s  
a t  th e  b e g in n in g  o f  th e  w orking  day and a  s u r f a c e  co lony  co u n t c a r r i e d  
o u t im m ed ia te ly  (0 h ) and a f t e r  6 -8 , 24* 3 0 * 48 and 72 h in c u b a t io n  a s  
r e q u i r e d .
The second  r e p l i c a t e  to g e th e r  w ith  th e  inoculum  was r e t a i n e d  a t  
4°C f o r  a p p ro x im a te ly  7 h ,  th e n  a llo w ed  to  warm to  room te m p e ra tu re
(a p p ro x im a te ly  30 m in ) . The t e s t  s t r a i n s  w ere in o c u la te d  i n t o  th e  
b r o th  and  s u r f a c e  co lo n y  c o u n ts  c a r r i e d  o u t im m ed ia te ly  (0 h ) and  a l s o  
a f t e r  14* 1 8 , 2 2 , 38 and 62 h a s  r e q u i r e d .  T h is  p ro c e d u re  was 
fo llo w e d  i n  o rd e r  to  o b ta in  th e  co u n ts  w hich would need  t o  be done 
o u ts id e  re a s o n a b le  ex ten d ed ' w orking h o u r s .
Foods. S u f f i c i e n t  10 g sam ples o f  eac h  fo o d  w ere d i s t r i b u t e d  t o  c a r ry  
o u t a l l  th e  s u r f a c e  co lo n y  co u n ts  r e q u i r e d .
The j a r s  o f  fo o d  r e q u i r e d  f o r  s u r fa c e  c o lo n y  co u n ts  a f t e r  6 -8 ,  24 , 
30 , 4 8 , 72 h and  7* 1 0 , 2 1 , 2 3 , 3 0 , 4 2 , 4 8 , 5 6 , o r  63 days were in o c ­
u la t e d  w ith  th e  t e s t  s t r a i n s  a t  th e  b e g in n in g  o f th e  w orking d ay . One 
j a r  o f  fo o d  was r e ta in e d  and a  s u r fa c e  co lony  co u n t c a r r i e d  o u t 
im m ed ia te ly  (0 h ) .
The re m a in in g  j a r s  o f  fo o d  to g e th e r  w ith  th e  in o c u la  w ere r e t a in e d  
a t  4°C f o r  a  f u r t h e r  7 h and  th e n  a llo w e d  t o  warm t o  room te m p e ra tu re  
(a p p ro x im a te ly  30 m in ) . The re m a in in g  fo o d  was in o c u la te d  w ith  th e  
t e s t  s t r a i n s  an d  s u r fa c e  co lo n y  co u n ts  c a r r i e d  o u t a f t e r  14  and  18  h 
in c u b a t io n  a s  n eed e d . One j a r  was r e t a in e d  and  a  s u r f a c e  c o lo n y  co u n t 
c a r r i e d  o u t im m ed ia te ly  (0 h ) .  T h is  p ro ced u re  was fo llo w e d  i n  o rd e r  
t o  o b ta in  th e  c o u n ts  w hich w ould need  to  be done o u ts id e  r e a s o n a b le  
e x ten d ed  w ork ing  h o u rs .
HThere i t  was s u s p e c te d  t h a t  th e  s u r f a c e  co lo n y  c o u n ts  w ould be 
< 50/ g ,  and  th e r e f o r e  beyond th e  lo w e r l i m i t  o f  th e  c o u n tin g  m ethod ,
90 ml volum es o f  B ra in  H e a rt In fu s io n  b ro th  w ere added  t o  th e  10 g 
p o r t io n s  o f  fo o d  in s te a d  o f  q u a r te r « s t r e n g th  R in g e r s o lu t i o n .  A f te r  
u s in g  t h i s  a s  th e  1 /1 0  d i l u t i o n  f o r  th e  s u r fa c e  c o lo ry  c o u n ts  th e s e  
su sp e n s io n s  w ere in c u b a te d  a t  30°C f o r  48  h .  S u b -c u ltu re s  w ere th e n  
made on to  B ra in  H e a rt I n f u s io n  a g a r  p lu s  dye p l a t e s  and in c u b a te d  a t  
30°C f o r  48  h .
I f  i t  became obvious from  th e  e a r ly  s u r f a c e  co lony  co u n t r e s u l t s  
t h a t  th e r e  were con tam in an t o rganism s p r e s e n t  b e s id e s  th e  Y. e n te ro ­
c o l i t i c a  t e s t  s t r a i n s  l a c to s e  su c ro se  u re a  a g a r  and d e o x y c h o la te  
c i t r a t e  su c ro s e  a g a r  p l a t e s  were u sed  a s  w e ll  a s  th e  B ra in  H e a r t 
I n f u s io n  p lu s  dye p l a t e s  f o r  su b seq u en t s u r f a c e  co lo n y  c o u n ts .
4 .  pH t e s t i n g
B ro th  c u l t u r e s . A Merck t e s t  p a p e r was m o isten ed  w ith  th e  b r o th  
c u l tu r e  and th e  c o lo u r  change com pared, w h i ls t  s t i l l  w e t, t o  th e  
s ta n d a rd  c o lo u r  c h a r t .
Foods. The te n  gram sam ples w ere m o is te n e d  w ith  1 -2  ml q u a r t e r -  
s t r e n g th  R in g e r s o lu t io n  and  m ixed th o ro u g h ly . A t e s t  p a p e r  was th e n  
m o is ten ed  w ith  th e  fo o d  an d  t h e  c o lo u r  change com pared, w h i l s t  s t i l l  
w e t, t o  th e  s ta n d a rd  c h a r t .
5 .  B iochem ical t e s t s
|3 - g a la c to s id a s e . ONPG- b r o th  was in o c u la te d -a n d  in c u b a te d  a t  22° o r  
o
30 C f o r  up t o  3 d a y s . The ap p ea ran ce  o f  a  y e llo w  c o lo u r  in d i c a te d  
(3 .-g a lac to s id ase  a c t i v i t y .
C arb o h y d ra te  f e rm e n ta t io n . A l l  s t r a i n s  w ere s u b - c u l tu r e d ,  u s in g  a  
s t r a i g h t  w ir e ,  i n t o  A ndrades p ep to n e  w a te r  s u g a rs ;  g lu c o se  ( c o n ta in in g  
an  in v e r t e d  Durham*s tu b e  to  show gas p r o d u c t io n ) ,  a d o n i to l ,  a r a b in o s e ,  
c e l lo b io s e ,  d u l c i t o l ,  g ly c e r o l ,  i n o s i t o l ,  i n u l i n ,  l a c t o s e ,  m a l to s e ,  
m a n n ito l ,  m e l ib io s e ,  r a f f i n o s e ,  rham nose, s a l i c i n ,  s o r b i t o l ,  s u c ro s e ,  . 
t r e h a lo s e  and x y lo s e .  They w ere in c u b a te d  a t  th e  r e q u ir e d  te m p e ra tu re  
f o r  up to  7 days and a  r e c o rd  made o f  th e  r e s u l t s  a f t e r  1 ,  2 ,  3 and  7 
days© The p ro d u c tio n  o f a c id  was shown by a c o lo u r  change from  p a le  
s tra w  c o lo u re d  to  p in k  o r  r e d .
C a ta la s e  p ro d u c t io n . The s u r f a c e  o f  a  n u t r i e n t  a g a r  s lo p e  was h e a v i ly  
in o c u la te d ,  in c u b a te d  f o r  up to  2 d a y s , and 1 ml o f  10 volum e h y d ro g en  
p e ro x id e  ru n  g e n t ly  o v e r th e  g ro w th . The a p p ea ran ce  o f  b u b b le s  r i s i n g  
from  th e  grow th in d ic a te d  c a t a la s e  p ro d u c tio n .
C i t r a t e  u t i l i z a t i o n . U sing a  s t r a i g h t  w ire  and a  v e ry  l i g h t  inocu lum  
c i t r a t e  a g a r  was s ta b b e d  d i r e c t l y  i n t o  th e  bo ttom  o f  th e  b u t t  an d  ou t 
o v e r th e  s u r f a c e  o f  th e  s lo p e  i n  a  s in g le  s t r a i g h t  l i n e .  The tu b e s  
w ere in c u b a te d  a t  22° o r  30°C f o r  up to  7 d a y s . C i t r a t e  u t i l i z a t i o n  
was in d ic a te d  by  grow th and a  c o lo u r  change from  g reen  to  b lu e .
D ecarb o x y lase  r e a c t i o n s . A ll  s t r a i n s  w ere s u b - c u l tu r e d ,  u s in g  a  
s t r a i g h t  w ire ,  i n to  a  c o n t r o l  (no L-am ino a c i d ) ,  a r g in in e ,  l y s i n e  and 
o r n i th in e  b r o th s .  Each tu b e  was in o c u la te d  th ro u g h  th e  p a r a f f i n  l a y e r  
and  in c u b a te d  a t  th e  r e q u ir e d  te m p e ra tu re  f o r  4  d a y s . The m edia f i r s t  
became y e llo w  due to  a c id  p ro d u c tio n  from  th e  g lu c o se  and l a t e r  i f  
d e c a rb o x y la tio n  o c c u rre d  th e y  tu rn e d  v i o l e t .  The c o n t ro l  rem a in ed  
y e l lo w .
G e la t in  l i q u i f a c t i o n . U sing  a  s t r a i g h t  w ire  th e  c u l tu r e s  w ere in o c u l -
o
a te d  in  a  s in g l e  s ta b  to  th e  bottom  o f  th e  tu b e  and in c u b a te d  a t  22 C
f o r  up t o  14 d a y s . L iq u i f a c t io n  was in d i c a te d  by th e  p re se n c e  o f 
f l u i d  c u l t u r e .
o
In d o le  p ro d u c t io n . P ep tone w a te r  was in o c u la te d  and in c u b a te d  a t  22 C 
f o r  1 day and  1 ml o f  Kovacs* re a g e n t added . A p o s i t i v e  r e a c t io n  was 
shown by th e  developm ent o f  a  r e d  c o lo u r  in  th e  r e a g e n t .
L ip a se  r e a c t i o n . A ll  s t r a i n s  were s u b -c u l tu re d  to  Lee a g a r  and  in c u b ­
a te d  a t  22°C f o r  48 h . L ip ase  p ro d u c tio n  was in d ic a te d  by th e  p re se n c e  
o f  an  opaque sh in y  p r e c i p i t a t e  in  th e  a g a r  su rro u n d in g  th e  g ro w th .
M alonate u t i l i z a t i o n . M alonate b ro th  was in o c u la te d  and in c u b a te d  a t  
th e  r e q u i r e d  te m p e ra tu re  f o r  24 h .  A p o s i t i v e  m alo n a te  r e a c t io n  was 
in d ic a te d  by a  b lu e  c o lo u r ,  w ith  a  n e g a t iv e  r e a c t io n  th e  medium rem ained  
g re e n .
M ethyl r e d  r e a c t io n  (MR). G lucose p h o sp h a te  b ro th  was in o c u la te d  and 
o oin c u b a te d  a t  22 o r  30 C f o r  3 d a y s . Two d ro p s  o f  m ethy l r e d  s o lu t io n  
were added and th e  c u l tu r e  sh ak en . A re d  c o lo u r  in d ic a te d  a  p o s i t i v e  
r e a c t io n ,  y e llo w  a  n e g a t iv e  r e a c t io n .  A f te r  r e a d in g ,  th e  same c u l tu r e  
was u sed  f o r  th e  V o g es-P ro sk au er t e s t .
M o t i l i t y . Two p e t r i  d is h e s  o f  m o t i l i t y  medium w ere s ta b b e d  to  j u s t  below
o
th e  s u r f a c e  o f  th e  a g a r  w ith  t h e  t e s t  organism  and in c u b a te d  a t  22 and 
r o36 C. The grow th o f  m o ti le  organ ism s sp re a d  a c ro s s  th e  medium from  th e  
p o in t  o f  in o c u la t io n ,  w hereas grow th was c o n f in e d  to  th e  p o in t  o f  in o c u l ­
a t io n  i f  th e  organism s w ere n o n -m o tile .
oN i t r a t e  r e d u c t io n . N i t r a t e  b ro th  was in o c u la te d  and in c u b a te d  a t  22 
o r  30°C f o r  3 d a y s . Any gas fo rm a tio n  i n  th e  t e s t  tu b e  was n o te d  b e fo re  
ad d in g  1 ml n i t r a t e  re a g e n t  A fo llo w e d  by  1 ml n i t r a t e  r e a g e n t  B. A 
re d  c o lo u r  showed t h a t  n i t r i t e  was p r e s e n t  and t h a t  th e  n i t r a t e  h ad  been  
red u ce d .
O x id a t io n /fe rm e n ta t io n  t e s t . One tu b e  o f  Hugh & L e ifso n * s  medium was 
in o c u la te d ,  u s in g  a  s t r a i g h t  w ire ,  to  th e  bo ttom  o f  th e  a g a r .  A ^  in c h  
la y e r  o f  m o lten  V ase lin e  was poured  on to  th e  s u r fa c e  and a llo w e d  to  s e t .  
The tu b e s  w ere in c u b a te d  f o r  up to  2 d ay s . F e rm e n ta tio n  was in d i c a te d  
by a  c o lo u r  change to  y e llo w  and  grow th i n t o  th e  d ep th s  o f  t h e  a g a r .
P h e n y la la n in e  d e a m in a tio n . S t r a in s  w ere h e a v i ly  in o c u la te d  on to  th e  
s u r f a c e  o f  a  p h e n y la la n in e  a g a r  s lo p e  u s in g  a s t r a i g h t  w ir e .  The 
tu b e s  w ere in c u b a te d  a t  30°C f o r  3 days and  3 -4  d rops o f  10$  f e r r i c  
c h lo r id e  w ere ru n  ov er th e  g row th . A p o s i t i v e  r e s u l t  was shown by  th e
developm ent o f  a  g reen  c o lo u r a t io n .
U rease  p ro d u c t io n . S t r a i n s  w ere s u b -c u l tu re d  i n t o  C h r is te n s e n ’ s u re a  
a g a r  u s in g  a  s t r a i g h t '  w ire  which was in o c u la te d  d i r e c t  to  th e  bottom  
o f  th e  b u t t  and  th e n  drawn o v e r th e  s u r f a c e  o f  th e  s lo p e  i n  a  s in g le  
s t r a i g h t  l i n e .  The c u l tu r e s  w ere in c u b a te d  a t  30°C f o r  up to  3 d a y s . 
U rease  p ro d u c tio n  was in d i c a te d  by  a  c o lo u r  change from  y e llo w  to  
mauve•
V o g es-P ro sk au er t e s t . A f te r  co m p le tio n  o f  th e  MR t e s t  0 .6  ml o f  5 $  ©C4* 
n a p h th o l s o lu t io n  and  0 .2  ml 40$  p o ta ss iu m  h y d ro x id e  w ere added  and  th e  
b r o th  sh ak en . The tu b e s  w ere s lo p e d  to  in c r e a s e  th e  a i r / l i q u i d  i n t e r ­
f a c e  and  l e f t  a t  room te m p e ra tu re  f o r  1 h .  A p o s i t i v e  r e a c t io n  was 
shown by  a  s t r o n g  r e d  c o lo u r .
6 . A n t ib io t ic  s e n s i t i v i t y  t e s t i n g
The s u r f a c e  o f  d ia g n o s t ic  s e n s i t i v i t y  t e s t  a g a r  p l a t e s  w ere seed ed  
w ith  4 -6  h b ro th  c u l t u r e s ,  th e  s u rp lu s  c u l tu r e  was removed an d  th e  
p l a t e s  were a llo w ed  to  d iy .  M u lto d isc s  to g e th e r  w ith  an y  s in g le  
s e n s i t i v i t y  d is c s  w ere d e p o s ite d  f i r m ly  on to  each p l a t e  u s in g  s t e r i l e  
f o r c e p s .  C o n tro l c u l tu r e  E . c o l i  NCTC 10418 was in c lu d e d  f o r  each  
b a tc h  o f  t e s t s .  The p l a t e s  w ere in c u b a te d  a t  th e  a p p r o p r ia te  tem p era ­
t u r e  o v e rn ig h t ,  i . e .  18-20 h .
The zones o f  i n h i b i t i o n  w ere m easured an d  th e  r e s u l t s  com pared to  
th o s e  o f th e  c o n t ro l  organism  and re c o rd e d  as fo llo w s : S e n s i t i v e ,  a
zone w i th in  3 ®m o f  t h a t  o f th e  c o n t r o l ;  R e s i s t a n t ,  a  zone n o t  more 
th a n  2 mm ra d iu s  m easured from  th e  edge o f  th e  d is c ;  M o d era te ly  
r e s i s t a n t ,  a  zone f a l l i n g  betw een th e  above l i m i t s .
INVESTIGATIONS
A. P re lim in a ry  I n v e s t ig a t io n s  
I n t r o d u c t io n
The p re l im in a ry  i n v e s t ig a t io n s  in c lu d e d  f a m i l i a r i z a t i o n  w ith :
1 . b io c h e m ic a l and  grow th  c h a r a c t e r i s t i c s  o f  th e  r e f e r e n c e  s t r a i n s ;
2 . a n t i b i o t i c  s e n s i t i v i t y  o f  th e  r e f e r e n c e  s t r a i n s ;  3* e v a lu a t io n  o f  
th e  e f f e c t  o f  q u a r te r ^ s t r e n g th  R in g e r s o lu t io n  on th e  re c o v e ry  o f  th e  
r e f e r e n c e  s t r a i n s ;  and 4 .  a  s tu d y  to  s e l e c t  a  s u i t a b l e  n u t r i e n t  b ro th  
f o r  u se  a s  a  r e f e r e n c e  medium th ro u g h o u t th e  p r o j e c t .
The b io c h e m ic a l c h a r a c t e r i s t i c s  o f  th e  r e f e r e n c e  o rgan ism s o b ta in e d  
from  th e  N a tio n a l C o l le c t io n  o f  Type C u ltu re s  (NCTC) were f u l l y  doc­
um ented, how ever, many o f  th e  o th e r  s t r a i n s  s e le c te d  had  n o t been  
c h a r a c te r i z e d .  B efo re  p ro c e e d in g  w ith  th e  m ain p a r t s  o f  th e  p r o je c t  
i t  was n e c e s s a ry  to  become f a m i l i a r  w ith  th e  b io c h em ic a l r e a c t io n s  o f  
a l l  th e  s t r a i n s ,  e s p e c i a l l y  th e  Y e r s in ia  s p p . ,  i n  th e  m edia g e n e r a l ly  
a v a i l a b l e  w ith in  C o lin d a le .  (NCTC p re p a re  t h e i r  own m edia u s in g  
d i f f e r e n t  b ran d s  o f  in g r e d ie n ts  to  th o s e  used  by th e  rem a in d e r o f  th e  
C e n tra l  P u b lic  H e a lth  L a b o ra to ry ) .
A n t ib io t ic s  a re  in c o rp o ra te d  a s  s e l e c t i v e  a g e n ts  in t o  some m ed ia .
Two such  m edia w hich have been  recommended f o r  th e  i s o l a t i o n  o f  Y. e n te r o ­
c o l i t i c a  a r e  W auters* (1973) b ro th  w hich c o n ta in s  c a r b e n i c i l l i n  and 
s e le n i te - n o v o b io c in  b ro th  ( in o u e  & K urose 1975)* The a n t i b i o t i c  
s e n s i t i v i t y  p a t t e r n s  o f  th e  r e f e r e n c e  s t r a i n s  were d e te rm in e d  b e c a u se  
e v a lu a t io n  o f  th e  m edia i n  c u r r e n t  u se  and th e  p o s s ib le  developm ent o f  
new m edia f o r  th e  i s o l a t i o n  o f Y. e n t e r o c o l i t i c a  was one o f  th e  aim s o f 
t h i s  t h e s i s .
A d i lu e n t  sh o u ld  en ab le  a  t r u e  a sse ssm e n t t o  be made o f  th e  b a c t e r i a l  
p o p u la tio n  and  d e a th  o r  r e v iv a l  o f  th e  o rgan ism s sh o u ld  n o t t a k e  p la c e  
d u r in g  th e  d i l u t i o n  p r o c e s s .  Q u a r te r« s tre n g th  R in g e r s o lu t io n  (RS) was th e  
d i l u e n t  o f  c h o ic e  f o r  t h i s  p r o je c t  a s  i t  was i n  c o n s ta n t  u se  i n  th e  
Pood H ygiene L a b o ra to ry . Jay n e-W illiam s (19^3) r e p o r te d  t h a t  n e i t h e r  
E . c o l i  n o r  S . typhim urium  w ere e f f e c t e d  by  RS b u t  th e r e  w ere no r e p o r t s  
o f  th e  e f f e c t s ,  i f  an y , on grow th o r  s u r v iv a l  o f Y. e n t e r o c o l i t i c a .
D elays do o ccu r d u r in g  c o u n tin g  p ro c e d u re s  e i t h e r  by a c c id e n t  o r  d e s ig n ,  
t h e r e f o r e ,  a  s tu d y  was u n d ertak en  to  a s s e s s  th e  e f f e c t s  o f  p ro lo n g e d  
s to r a g e  in  RS on Y. e n t e r o c o l i t i c a  and  some o f  th e  o th e r  r e f e r e n c e  
s t r a i n s .
A n o n - s e le c t iv e  b ro th  i n  w hich Y. e n t e r o c o l i t i c a  w ould grow
r e l i a b l y  from  a  m in im al inoculum  and  a ls o  g iv e  maximum reco v e iy :, was 
r e q u i r e d  f o r  u se  a s  a  r e f e r e n c e  medium. M artin  e t  a l . (1976) 
r e p o r te d  t h a t  th e  p re se n c e  o f  th e  m e ta b o lic  b y -p ro d u c t hydrogen  p e ro x id e  
(HgOg) i n  m edia may i n h i b i t  th e  grow th o f  sm a ll numbers o f  b a c t e r i a  
p a r t i c u l a r l y  i f  th e y  have been  in ju r e d  by  h e a t  o r  f r e e z in g .  H owever, 
th e  e f f e c t  o f  th e  on in ju r e d  c e l l s  i s  n e u t r a l i z e d  e i t h e r  by
c a t a l a s e  w hich i s  a l s o  p ro d u ced  by  many b a c t e r i a  d u rin g  th e  grow th 
c y c le  o r ,  by  a d d i t io n a l  n u t r i e n t s ,  f o r  exam ple, sodium p y ru v a te .  To 
e n su re  t h a t  th e  b ro th  chosen  a s  th e  r e f e r e n c e  medium was n o t  in h i b i to r y  
and  ca p a b le  o f  a l lo w in g  grow th o f  Y e r s in ia  sp p . to  o ccu r even from  v e ry  
sm a ll numbers o f  o rg an ism s, n in e  m edia were com pared by  a d a p tin g  th e  
m u l t ip le  tu b e  te c h n iq u e  d e s c r ib e d  by  Boyd (1956) f o r  e s t im a t in g  th e  
minimum h a e m o ly tic  d o se . The maximum re c o v e iy  r a t e s  o f  Y e r s in ia  sp p . 
from  each  b r o th  medium were a l s o  com pared.
M ethods
1 • The b io c h e m ic a l and grow th c h a r a c te r i z a t i o n  and  a n t i b i o t i c
s e n s i t i v i t y  p a t t e r n s  o f th e  r e f e r e n c e  organism s
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3 E. c o l i  QC 21043/75
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0 H. a l v e i
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9 K. ae ro g e n es
Y. e n t e r o c o l i t i c a  NCTC 10460 P r o t .  m i r a b i l i s  .
Y. e n t e r o c o l i t i c a  NCTC 10598 Red mouth (RM) b a c te r iu m
Y. ps e u d o tu b e rc u lo s is S . typhim urium
E. c lo a c a e S. f l e x n e r i
E . a lk a le s c e n s S. so n n e i
a .  B iochem ical and grow th c h a r a c te r i z a t i o n
U sing  a  s t r a i g h t  w ire  th e  r e f e r e n c e  s t r a i n s  w ere in o c u la te d  i n to  
th e  fo llo w in g  m e d ia :-  p ep to n e  w a te r  su g a rs  c o n ta in in g  a d o n i t o l ,  a r a b in o s e  
c e l l o b io s e ,  d u l c i t o l ,  g lu c o s e , g ly c e r o l ,  i n o s i t o l ,  i n u l i n ,  l a c t o s e ,  m a lt­
o s e ,  m a n n ito l ,  m e lib io s e ,  r a f f i n o s e ,  rham nose, s a l i c i n ,  s o r b i t o l ,  s u c ro se  
t r e h a lo s e  and x y lo se  ( a c id  p ro d u c t io n ) ,  n u t r i e n t  a g a r  ( c a t a l a s e ) ,  Simmon1 
c i t r a t e  ( u t i l i z a t i o n  o f  c i t r a t e ) ,  a r g in in e ,  ly s in e  and o r n i t h in e
d e c a rb o x y la se , g e l a t i n ,  p ep to n e  w a te r  ( in d o l e ) ,  Lee a g a r  ( l i p a s e ) ,  
m alonate  b r o th ,  m o t i l i t y  medium (37° and 2 2 °C ), g lu co se  p h o sp h a te  
b ro th  (MR and Voges P ro s k a u e r ) , n i t r a t e  b ro th  ( n i t r a t e  r e d u c t io n ) ,
ONPG- b r o th ,  Hugh an d  L e ifso n  medium ( o x id a t io n / f e r m e n ta t io n ) ,  p h en y l­
a la n in e  a g a r  (d e a m in a tio n  o f  p h e n y la la n in e ) ,  u re a  medium (u re a s e  
p r o d u c t io n ) ,  and B ra in  H e a rt I n f u s io n  b ro th s  (g row th  a t  4 ° ,  2 2 ° , 3 0 ° ,
35° 4 3 °C ). A ll  th e  m edia (e x c e p t Simmon's c i t r a t e ,  g e l a t i n ,
n i t r a t e  b r o th ,  a n d  th e  B ra in  H e a rt In fu s io n  b ro th s ^ in o c u la te d  w ith  
Y e r s in ia  and RM b a c te r iu m  s t r a i n s  w ere in c u b a te d  a t  30°C f o r  up to  7 
days and th o s e  in o c u la te d  w ith  th e  o th e r  e n te r o b a c te r ia  w ere in c u b a te d  
a t  37°C f o r  up to  7 d a y s . Simmon's c i t r a t e  an d  n i t r a t e  b ro th  w ere 
in c u b a te d  a t  30°C f o r  5 days and  g e l a t i n  a t  22°C f o r  14 d a y s . The 
B ra in  H e a rt I n f u s io n  b ro th s  w ere in c u b a te d  a s  shown f o r  up to  14  d a y s . 
The Y e rs in ia  s t r a i n s  w ere a l s o  in o c u la te d  i n t o  a  second tu b e  o f  l a c t o s e ,
r a f f i n o s e ,  rham nose, m e lib io se  p ep tone  w a te r  su g a rs  and  Simmon's
o
c i t r a t e ,  a l l  o f  w hich w ere in c u b a te d  a t  22 C f o r  7 d ay s ,
b .  A n t ib io t ic  s e n s i t i v i t y
U sing  th e  m ethod d e s c r ib e d  on page 86 th e  s e n s i t i v i t y  p a t t e r n s  o f 
th e  r e f e r e n c e  s t r a i n s  were d e te rm in e d  a g a in s t  Oxoid m u lto d is c  30-44K 
(s e e  page 77 ) and s in g le  s e n s i t i v i t y  d is c s  im p reg n a ted  w ith  n a l i d i x i c
a c id  30 and  f u r a z o l id in e  100 yug. The p l a t e s  seed ed  w ith  Y e r s in ia  
and  RM b a c te r iu m  w ere in c u b a te d  o v e rn ig h t  a t  30° and th o s e  seed ed  w ith  
th e  o th e r  e n t e r o b a c te r ia  o v e rn ig h t a t  3^°C. Two p l a t e s  w ere a l s o  
seeded  w ith  th e  a n t i b i o t i c  c o n t r o l  E . c o l i  NCTC 10418 and  in c u b a te d  a t  
30° and 36°C .
2 . The e f f e c t  o f  q u a r te r » s t r e n g th  R in g e r s o lu t io n  (RS) on th e  r e c o v e ry
o f  Y e rs in ia  sp p . and o th e r  e n te r o b a c te r ia
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  E . c o l i  QC 21043/75
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0 H. a l v e i
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9 K. ae ro g e n e s
Y. e n t e r o c o l i t i c a  NCTC 10460 P r o t .  m i r a b i l i s
Y. e n t e r o c o l i t i c a  NCTC 10598 S. tvphim urium
E. c lo a c a e S. f l e x n e r i
E. a lk a le s c e n s S. so n n e i
O vern igh t b ro th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  were d i l u t e d  w ith
6
RS i n  s i x  t e n f o ld  s ta g e s  up to  10 . The d i l u t io n s  w ere k e p t a t  room 
te m p e ra tu re  an d  s u r f a c e  co lony  c o u n ts  c a r r i e d  o u t by p la c in g  2 d rops 
o f  each  d i l u t i o n  on to  a  segm ent o f  a  b lo o d  a g a r  p la t e  a f t e r  0 ,  1 5 , 30 ,
4 5 9 75 min and  6 h .  The p l a t e s  w ere in c u b a te d  a t  30°C f o r  48 h .
3 . The e v a lu a t io n  o f  n in e  n o n - s e le c t iv e  b ro th  m edia to  s e l e c t  one 
f o r  u se  a s  a  r e f e r e n c e  medium
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  Y. p s e u d o tu b e rc u lo s is
The n o n - s e le c t iv e  b ro th  m edia s tu d ie d  w e re :-
B ra in  H ea rt I n fu s io n  (BHl) P ep tone w a te r  (PW)
H a r t le y  D ig e s t (HD) Todd H ew itt b ro th  (TH)
H edley  W right b r o th  (HW) T ry p t ic a s e  soy  w ith  d e x t ro s e  (TS + D)
N u tr ie n t  b r o th ,  D ifco  (ND) T ry p t ic a s e  soy  w ith o u t d e x tro s e  (TS)
N u tr ie n t  b r o th ,  Oxoid (NB)
a * Com parison o f  maximum re c o v e ry  r a t e s
O v ern ig h t b ro th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  were in o c u la te d  (0 .0 6  
ml) in t o  100 ml volum es o f  th e  b ro th  m edia (a p p ro x im a te ly  1 0 ,0 0 0  o rg a n is m s / 
m l) and in c u b a te d  a t  22°C f o r  72 h .  S u rfa c e  co lo n y  c o u n ts  (a s  d e s c r ib e d  
on page 82 ) w ere c a r r i e d  o u t on B ra in  H ea rt In fu s io n  a g a r  p l a t e s  (BHI 
a g a r )  a f t e r  0 ,  2 4 , 30 (Y. e n t e r o c o l i t i c a  s e ro ty p e s  0 :3  and  0 :9  o n ly ) ,  48 
and 72 h  in c u b a t io n .  The c o lo n y  c o u n ts  o f  each  o f  th e  t e s t  s t r a i n s  w ere 
re c o rd e d  and  th e  n in e  m edia w ere ran k ed  a c c o rd in g  t o  th e  co lo n y  c o u n ts  o f  
each  s t r a i n  a f t e r  each  in c u b a t io n  p e r io d .  The h ig h e s t  c o u n ts  w ere s c o re d  
n in e  p o in t s ,  t h e  n e x t h i ^ i e s t  e ig h t  p o in ts  and  so  on to  th e  lo w e s t s c o r in g  
one p o in t .  The m edia w ere com pared f o r  p e rfo rm ance  a f t e r  each  in c u b a t io n  
p e r io d  and f o r  s t r a i n  v a r i a t i o n .
b .  Growth from  a  m inim al inoculum
O vern ig h t b ro th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  w ere d i l u t e d  a s  
d e s c r ib e d  on page 82 and  f u r t h e r  d i l u t e d  to  a p p ro x im a te ly  100 c e l l s / m l .  
A d d itio n a l d i l u t i o n s  o f  1 :1 0 , 1 :2 ,  1 :2 ,  1 :2  and  1 :2  were p re p a re d  to  
g iv e  a  ran g e  o f  a p p ro x im a te ly  <1 to  10 c e l l s /m l  and  1 ml o f  each  in o c ­
u la te d  i n to  each  o f  te n  tu b e s  c o n ta in in g   ^ ml o f  th e  b r o th  m ed ia . The
b ro th s  w ere in c u b a te d  a t  22°C f o r  48 h .
The number o f  tu b e s  from  each  d i l u t i o n  i n  w hich grow th was 
o b se rv ed  were re c o rd e d  and g rap h s p l o t t e d  u s in g  p r o b i t  t r a n s f e r e n c e .
The 30% end p o in t  o f  grow th was d e te rm in e d  f o r  each  organ ism  i n  each 
medium. T h is  m ethod was b ased  on t h a t  u sed  f o r  th e  im m unological 
s tu d y  o f  minimum h a e m o ly tic  dose (Boyd 1 9 5 6 ).
R e s u lts
1• The b io c h e m ic a l and grow th c h a r a c te r i z a t i o n  and  a n t i b i o t i c  
s e n s i t i v i t y  p a t t e r n s  o f  th e  r e f e r e n c e  o rgan ism s
a .  B iochem ica l and  grow th  c h a r a c te r i z a t i o n
The b io c h e m ic a l and  grow th c h a r a c t e r i s t i c s  o f  th e  r e f e r e n c e
organ ism s a r e  shown i n  T ab le 1 1 . The f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a
d id  n o t p roduce a c id  from  rham nose, r a f f i n o s e  o r  m e lib io se  and were
o o
Simmons* c i t r a t e  n e g a t iv e  a f t e r  7 days in c u b a t io n  a t  22 and  30 C.
However Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  and  NCTC 10398 b o th  p ro d u ced
o
a c id  from  l a c t o s e  w i th in  3 days in c u b a tio n  a t  30 C.
The s ix  Y e r s in ia  sp p . and RM b a c te r iu m  produced  v i s i b l e  grow th  i n
oBHI a f t e r  9 days in c u b a t io n  a t  4  C b u t a l th o u g h  th e  s t r a i n s  o f  Y. e n te r o ­
c o l i t i c a  and  RM b a c te r iu m  f a i l e d  t o  grow a t  43°C a f t e r  in c u b a t io n  f o r  14 
d a y s , Y. p s e u d o tu b e rc u lo s is  grew w ith in  24 h .  H a fn ia  a l v e i  an d  K. 
a e ro  genes w ere th e  o n ly  o th e r  o rgan ism s t o  grow a t  4°C w ith in  9 d a y s , and 
b o th  th e s e  and th e  o th e r  seven  r e f e r e n c e  s t r a i n s  grew w e ll  a t  43°C w ith in  
24 h .
b* A n t ib io t ic  s e n s i t i v i t y
The a n t i b i o t i c  p a t t e r n s  o f  th e  16 r e f e r e n c e  o rgan ism s a r e  shown in  
T ab le  1 2 . F o u r o f  th e  f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  w ere r e s i s t a n t  
t o  a m p ic i l l in  25 yug. The f i f t h  s t r a i n  (NCTC 10598) which was o f  human 
o r ig in  b u t  unknown s e ro ty p e  was s e n s i t i v e  to  a m p ic i l l in .  A l l  f i v e  
s t r a i n s  o f  Y. e n t e r o c o l i t i c a  w ere s e n s i t i v e  to  c o l i s t i n  10 yug, t e t r a ­
c y c l in e  50 yug, ch lo ram p h en ico l 50 p s  and n a l i d i x i c  a c id  30 ^ig b u t  showed 
v a r i a b le  r e a c t io n s  w ith  s u lp h a fu ra z o le  500 yug, n i t r o f u r a n to in  200 yug, 
kanam ycin 30 yug, s tre p to m y c in  25 yig and  f u r a z o l id o n e  100 ^ig. P ro te u s  
m i r a b i l i s  and  E . c o l i  were r e s i s t a n t  o r  m o d e ra te ly  r e s i s t a n t  t o  a l l  th e  
a n t i b i o t i c s  a v a i l a b l e .  E n te ro b a o te r  c lo a c a e , H. a l v e i , K. a e ro g e n e s
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+ - + + + + - + - - - + + + + +
+ + + - + + - + - + + + + + + +
+ + + + + + + + + + + + + + 4 +
+ + + + + + + - + + + - + - - +
F F F F F F F F F F F F F F F F
+ + + + + + - - - - + + - - - -
+ + + + - + - - + - - + - - -
- - - - - - + - - + - - - - - -
++ ++ ++ ++ + + + + 0 0 0 ++ ++ 0 ++ 0 0 0
++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + +
++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ +*f*
++ ++ ++ * ++c ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
0 0 0 0 0 ++ ++ ++ ++ ++ ++ +-j* 0 ++ ++ ++
+ = a c id  p ro d u c tio n  1 -2  days; (+ ) = d e la y e d  a c id  p ro d u c tio n  3 days o r  m ore; 
+* = a c id  + gas p ro d u c tio n ; -  = n e g a t iv e ;  ++ = g row th; 0 = no grow th ;
F = fe rm e n ta t io n
■Table 12
Antibiotic sensitivity patterns of the reference organisms
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A m p ic ill in  25 yig R R R R s s s S M M R R S s s s
C o l i s t in  s u lp h a te  10 /tig S S s S s R M S M M M R S s s s
S u lp h a fu ra z o le  500 p g R s s R s R R s M S R R S s s s
T e t r a c y c l in e  50 p g S s s S s S M s M S M R s s s s
C hloram phen ico l 50 p g S s s S s S M S M s S R s s s s
N itr o f u r a n to in  200 p g s s s R s R S s M s M R s s s s
Kanamycin 30 p g R s s S S S S s M s S M s s s s
S trep to m y c in  25 p g R s s M s s s s M s S M s M s s
N a lid ix ic  a c id  30 pg S s s S s s M M M s M M s s s s
F u ra z o lid o n e  100 pg s M M S R R M M M s M R s s s s
S = s e n s i t i v e ;  R = r e s i s t a n t ;  M = m o d e ra te ly  r e s i s t a n t .
and  S. typhim urium  showed a  v a r ia b le  r e s i s t a n c e  and RM b a c te r iu m , <S. 
f l e x n e r i  and S. so n n e i w ere s e n s i t i v e  t o  a l l  th e  a n t i b i o t i c s  u se d ,
2 . The e f f e c t  o f  q u a r te r n s t r e n g th  R in g e r s o lu t io n  on th e  re c o v e ry  o f  
Y e r s in ia  sp p . and o th e r  e n t e r o b a c te r ia
The e f f e c t s  o f  q u a r t e r - s t r e n g th  R in g e r s o lu t io n  on Y. e n t e r o c o l i t i c a  
and  some o th e r  e n te r o b a c te r ia  a r e  shown i n  T ab le  1 3 . T here was n e i th e r  
a  r e d u c t io n  n o r  an  in c re a s e  i n  th e  v ia b le  c o u n ts  o f  any  o f  th e  o rgan ism s 
t e s t e d  d u r in g  th e  6 h  e x p e rim e n ta l p e r io d ,
3 . The e v a lu a t io n  o f  n in e  n o n - s e le c t iv e  b ro th  m edia t o  s e l e c t  one f o r  
u se  a s  a  r e fe re n c e  medium
a .  Com parison o f  maximum re c o v e ry  r a t e s
The r e s u l t s  o f  th e  com parison  o f  th e  n in e  n o n - s e le c t iv e  b ro th  m edia 
f o r  th e  maximum re c o v e ry  o f  Y e r s in ia  sp p , a c c o rd in g  t o  ra n k  o rd e r  a r e  
shown i n  T ab le  14 and  th e  grow th (a v e ra g e  co lo n y  c o u n ts )  i s  shown in  
T ab le  1 5 . The grow th c u rv e s  i n  B ra in  H e a rt In fu s io n  b ro th  (EHl) and  
n u t r i e n t  b ro th -D ifc o  (ND) a re  shown i n  F ig u re  1 ,  t r y p t i c a s e  so y  b ro th  
p lu s  d e x tro s e  (TS + D) in  F ig u re  2 and Todd H ew itt (TH) i n  F ig u re  3 .
T ry p t ic a s e  soy  b ro th  w ith  d e x tro se  a t t a i n e d  th e  h ig h e s t  o v e r a l l  
s c o re  (97 )»  and  ran k  o rd e r  1 b o th  i n  th e  s t r a i n  com parison  an d  th e  
com parison  o f  in c u b a tio n  tim e s  (T ab le  1 4 ) .  Todd H ew itt and  BHI b ro th s  
were ran k ed  2 and 3> s c o r in g  88 and 87 r e s p e c t iv e l y .
T here was s l i g h t  v a r i a t i o n  i n  th e  ra n k  o rd e r  o f  th e  b r o th s  w ith  
th e  in d iv id u a l  t e s t  s t r a i n s .  T ry p t ic a s e  soy  b ro th  w ith  d e x tro s e  
a t t a i n e d  ra n k  o rd e r  1 w ith  Y, e n t e r o c o l i t i c a  s e ro ty p e s  0 :3  and  0 :6 ,3 0 ,  
ra n k  o rd e r  3 w ith  s e ro ty p e  0 :9  and ran k  o rd e r  2 w ith  Y. p se u d o tu b e r­
c u l o s i s . Todd H e w itt ran k ed  1 w ith  s e ro ty p e  0:9> 2 w ith  s e ro ty p e  0 :3  
and 0 :6 ,3 0  and  4  w ith  Y. p s e u d o tu b e rc u lo s is , w h i ls t  BHI ra n k e d  1 w ith  
Y, p s e u d o tu b e rc u lo s is , 3 w ith  s e ro ty p e s  0 :3  and 0 :6 ,3 0  and 2 w ith  
s e ro ty p e  0 :9«
The s c o re s  o f  th e  rem a in in g  s ix  b ro th  m edia w ere g e n e r a l ly  much 
lo w er w ith  th e  e x c e p tio n  o f  H a r t le y  d ig e s t  (HD) w hich a t t a i n e d  a  ra n k  
o rd e r  o f  2 w ith  Y, p s e u d o tu b e rc u lo s is  and  eq u a l 3 (EHl) w ith  s e ro ty p e  
0 :9 ,  H edley  W right (HW) ran k ed  e q u a l 3 (EHl) w ith  s e ro ty p e  0 :6 ,3 0  and 
n u t r i e n t  b ro th -O x o id  (NB) ran k ed  e q u a l 3 (TS + D) w ith  Y. p s e u d o tu b e r -  
c u l o s i s .
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The ra n k  o rd e r  f o r  th e  t h r e e  in c u b a t io n  tim es  a l s o  v a r ie d  b u t to  
a l e s s e r  e x te n t  th a n  w ith  th e  s t r a i n  com parison ; TS + D ran k ed  2 
a f t e r  24 h and  1 a f t e r  48 and 72 h in c u b a t io n ,  TH ran k ed  1 a f t e r  24 h 
and  3 a f t e r  48 and  72 h and EHI ra n k e d  3 a f t e r  24 h and  2 a f t e r  48 and 
72 h .  None o f  th e  rem a in in g  m edia m atched th e s e  r a n k in g s .
The a v e ra g e  c o lo n y  c o u n ts  o f  each o f th e  t e s t  s t r a i n s  v a r ie d  by 
a p p ro x im a te ly  0 .5 - 0 .9  lo g  i n  th e  n in e  b ro th  m edia (T ab le  1 5 )•  However 
th e  d i f f e r e n c e  i n  th e  a v e ra g e  co lo n y  c o u n ts  in  TS + D ( ra n k  o rd e r  1 ) ,
TH ( ra n k  o r d e r  2 ) an d  EHI ( ra n k  o rd e r  3) v a r ie d  by on ly  0.1 lo g  (Y. 
e n t e r o c o l i t i c a  s e ro ty p e  0 : 9 ) ,  0 .2  lo g  ( s e ro ty p e  0 :3  and Y. p se u d o tu b e r­
c u l o s i s ) an d  0 .3  lo g  ( s e ro ty p e  0 : 6 ,3 0 ) .
I n  th e  com parison  o f  th e  in c u b a t io n  tim e s  th e  d i f f e r e n c e  i n  th e  
a v e ra g e  c o u n ts  i n  th e  TS + D, TH and  BHI was even s m a l le r ,  0.1 lo g  a f t e r  
24 an d  48 h an d  0 e2 lo g  a f t e r  72 h in c u b a t io n .  The a c t u a l  grow th  c u rv e s  
o f  TS + E ( ra n k  o rd e r  1 ) ,  TH (ra n k  o rd e r  2 ) ,  EHI ( ra n k  o rd e r  3 ) and  ND 
( ra n k  o rd e r  9) a r e  i l l u s t r a t e d  i n  F ig u re s  2 ,  3 and 1 r e s p e c t iv e l y .
b .  Growth from  a  m inim al inoculum
The 50% end p o in t s  o f  grow th o f  th e  Y e r s in ia  sp p . i n  n in e  no n - 
s e l e c t i v e  b r o th  m edia a r e  shown i n  T ab le  1 6 . An a n a ly s i s  o f  v a r ia n c e  
r e v e a le d  : a ,  t h a t  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  betw een an y  o f
th e  b r o th s  f o r  th e  grow th o f  Y e r s in ia  sp p . from  a  m inim al inocu lum  and  
b ,  th e r e  was a  v e ry  s i g n i f i c a n t  d i f f e r e n c e  betw een th e  d i f f e r e n t  s t r a i n s  
o f  Y e r s in ia  i n  some o f  th e  b r o th s  (P  = 0 .0 1 ) .
Table. 15
A verage re c o v e ry  r a t e s  o f  f o u r  Y e r s in ia  sp p . in  
n in e  n o n - s e le c t iv e  b ro th  media
Medium
TS + D TH BHI HD HW ' TS NC FW ND
A 9.1 9.1 8 .9 8 .9 8 .6 8 .6 8 .3 8 .5 8 .2
A verage
co u n ts B 9 .4 9.1 9.1 9 .0 8 .8 9.1 8 .7 9 .0 8 .9
lo g / l  O/ml 
o f  each C 8 .9 8 .9 8 .8 8 .7 8 .9 8 .7 8 .4 8 .4 8 .4
s t r a i n
D 8 .7 8 .6 8 .9 8 .4 8 .6 8 .3 8 .7 8 .3 8.1
A verage
c o u n ts
l o s  10/m l 
a f t e r  i n ­
c u b a t io n  a t
24 h 
48 h 
72 h
8 .9
9.1
9 .3
8 .9
9 .0
9 .0
8 .8
9 .0
9 .0
00 
CO 
00
• 
a 
•
00 
00 
00
8 .7
8 .8  
8 .8
8 .4
8 .7
9 .0
8 .5
8 .5  
8 .8
8 .3
8 .8
8 .7
7 .8
8 .4
8 .7
O v e ra ll  
ra n k  o rd e r 1 2 3 4 3 6 7 8 9
TS + D = t ry p t ic a s e  soy p lus  dextrose; TH = Todd H e w itt b ro th ; BHI = 
B ra in  H eart In fu s io n ; HD = H a r t le y  D igest b ro th ; HW = H edley W rig h t 
b ro th ; TS = t iy p t ic a s e  soy b ro th  w ith o u t d extrose; NC = n u tr ie n t  b ro th  
(O xo id ); FW = peptone w ater; HD = n u tr ie n t b ro th  (D ifc o ) .
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D is c u s s io n
o
B io c h e m is try . The a b i l i t y  o f  Y. e n t e r o c o l i t i c a  to  grow a t  4  C i s  a
c h a r a c t e r i s t i c  n o t  g e n e r a l ly  s h a re d  by o th e r  members o f  th e  E n te ro -
b a c t e r i a c e a e , b u t i t  has  been  fo u n d  t h a t  a  few  s t r a i n s  o f  th e  o th e r
s p e c ie s  w i l l  grow a t  t h i s  te m p e ra tu r e .  E is s  (1975) r e p o r te d  t h a t  i / i 4-
s t r a i n s  o f  E . c lo a c a e  w hich he  was s tu d y in g  grew p r o f u s e ly  a t  4°C .
The r e f e r e n c e  s t r a i n  o f  E . c lo a c a e  u sed  i n  t h i s  p r o j e c t  showed no s ig n
o f  grow th  a f t e r  9 days in c u b a t io n  (T ab le  1 1 ) .  However th e s e  p r e l im in a ry
s tu d ie s  r e v e a le d  t h a t  th e  tw o r e f e r e n c e  s t r a i n s  o f  H. a l v e i  and  K.
ae ro  genes d id  grow a t  4°C b u t  no s i m i l a r  r e p o r t s  w ere fo u n d  i n  th e
l i t e r a t u r e .  G e n e ra lly  t h e  b io c h e m ic a l r e s u l t s  o f  t h i s  p r e l im in a iy  
s tu d y  a g re e  w i th  th o s e  d e s c r ib e d  by Cowan & S te e l  (1 9 7 4 ). However
th e s e  w o rk e rs  do n o t show i n  t h e i r  t a b l e s  f o r  Y e r s in ia  and  r e l a t e d
o rgan ism s th e  r e a c t io n s  to  V o g e s -P ro sk a u e r , rhamnose and  m e lib io s e
w hich  a r e  r e l e v a n t  to  th e  new c l a s s i f i c a t i o n  f o r  Y. e n t e r o c o l i t i c a  an d
Y. e n t e r o c o l i t i c a - l i k e  o rg a n ism s . I n  a d d i t io n  m ost o f  t h e i r  b io c h e m ic a ls
o
w ere in c u b a te d  a t  37 C and  th o s e  known to  show te m p e ra tu re  d ep en d a n t 
v a r i a t i o n s  a r e  n o t in d i c a t e d .  However, Cowan and S te e l* s  m anual was 
n o t in te n d e d  t o  b e  th e  d e f i n i t i v e  docum ent f o r  d e t a i l e d  c l a s s i f i c a t i o n  
b u t a  g u id e  w hich e n s u re s  a  re a s o n a b le  chance o f  a n  a c c u r a te  d ia g n o s i s .  
A lso u n t i l  t h e  new c l a s s i f i c a t i o n  f o r  Y e r s in ia  i s  i n t e r n a t i o n a l l y  
a c c e p te d  th e  m anual w ould n o t  be e x p e c te d  to  in c lu d e  th e  d i f f e r e n t i a t i o n  
o f  th e  new s p e c ie s .  E o r more d e t a i l e d  i d e n t i f i c a t i o n  one m ust tu r n  to  
o th e r  s o u rc e s  and  th e  r e s u l t s  i n  t h i s  p r e l im in a ry  s tu d y  do a g re e  w ith  
th o s e  r e p o r te d  by  B e rc o v ie r  e t  a l . (1980a) f o r  Y. e n t e r o c o l i t i c a  s e n su  
s t r i c t o .
RM b a c te r iu m  w hich has r e c e n t ly  been  r e c l a s s i f i e d  a s  Y. r u c k e r i  
(Skerm an e t  a l . 1980) v a r ie s  in  s e v e r a l  c h a r a c te r s  from  Y. e n t e r o c o l i t i c a  
by  n o t p ro d u c in g  a c id  from  a d o n i t o l ,  c e l l o b io s e ,  i n o s i t o l ,  s o r b i t o l ,  
s u c r o s e ,  x y lo s e  an d  by  n o t  p ro d u c in g  u r e a s e .  T h is  o rgan ism  was a l s o  
p o s i t i v e  f o r  a r g in in e  and ly s in e ,  d e c a rb o x y la s e  an d  g e l a t i n  l i q u i f a c t i o n .  
T hese b io c h e m ic a l r e a c t io n s  a re  i n  ag reem en t w ith  th o s e  r e p o r t e d  f o r  RM 
b a c te r iu m  by  Ewing e t  a l . (1 978)•
A n t ib io t ic  s e n s i t i v i t y . Most s t r a i n s  o f  Y. e n t e r o c o l i t i c a  a r e  
r e s i s t a n t  to  a m p ic i l l in  b u t  o c c a s io n a l ly  s e n s i t i v e  s t r a i n s  a r e  e n c o u n t­
e re d  su ch  a s  Y. e n t e r o c o l i t i c a  NCTC 10598. The r e f e r e n c e  s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  were a l s o  s e n s i t i v e  t o  t e t r a c y c l i n e  (T a b le  1 2 ) ,  an
a n t i b i o t i c  w hich  i s  f r e q u e n t ly  u sed  in  th e  t r e a tm e n t  o f Y e r s in ia  
i n f e c t i o n s .  T hese r e s u l t s  a r e  s im i l a r  t o  th o s e  o b ta in e d  by N ilehn  
(1967) w ith  th e  e x c e p tio n  o f  a m p ic i l l in  20 yug and s tre p to m y c in  50 /ug. 
U sing a  d is c  d i f f u s io n  m ethod m ost o f  N ileh n * s s t r a i n s  were s l i g h t l y  
s e n s i t i v e  and  s e n s i t i v e ,  r e s p e c t i v e l y ,  w hereas 4-/5 r e f e r e n c e  s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  w ere r e s i s t a n t  to  a m p ic i l l i n  and  on ly  3 /5  s t r a i n s  
s e n s i t i v e  to  s tre p to m y c in .  More r e c e n t ly  K o u w atli e t  a l . (1 979) have 
shown some te m p e ra tu re  r e l a t e d  v a r i a t i o n s  i n  th e  s u s c e p t i b i l i t y  to  
a n t i b i o t i c s  o f  d i f f e r e n t  s t r a i n s  o f Y. e n t e r o c o l i t i c a , and t h i s  f a c t o r  
may w e ll  a c c o u n t f o r  some o f  th e  v a r i a t i o n s  found by d i f f e r e n t  w o rk e rs .
P ro te u s  i s  a  p a r t i c u l a r l y  d i f f i c u l t  organism  to  e l im in a te  from  
i s o l a t i o n  m edia and  a s  e x p e c te d  th e  P r o t .  m i r a b i l i s  r e f e r e n c e  s t r a i n  
was r e s i s t a n t  t o  a l l  th e  a n t i b i o t i c s  u s e d . T h is  r e s u l t  i s  s i m i l a r  to  
th e  s u s c e p t i b i l i t y  r e p o r te d  by  G arrod  e t  a l . (1973) who a l s o  showed 
th e  o th e r  s p e c ie s  o f  P ro te u s  t o  be  v a r i a b l e  i n  t h e i r  r e a c t i o n s .  The 
p re s e n c e  o f  P ro te u s  sp p . i s  e s p e c i a l l y  a  n u is a n c e  i n  b ro th  and  on a g a r  
m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  b e c a u se  o f  th e  a b i l i t y  o f  
b o th  o rgan ism s to  p roduce  u r e a s e .  The o th e r  p a th o g en s such a s  E. c o l i  
and  S. typh im urium  a l s o  showed " t y p i c a l ” r e a c t i o n s ,  b u t  as t h e r e  i s  
c o n s id e ra b le  s t r a i n  v a r i a t i o n  am ongst th e s e  s p e c ie s  a lm o s t any  p a t t e r n  
i s  t y p i c a l .  A lth o u g h  sa lm o n e lla e  a r e  n o t n o rm a lly  p r e s e n t  i n  fo o d s  i n  
num bers l a r g e  en o u ^ i t o  cau se  any p rob lem s i n  th e  i s o l a t i o n  o f  Y. e n te r o ­
c o l i t i c a  > E. c o l i  i s  f r e q u e n t ly  found  in  la r g e  num bers.
U n f o r tu n a te ly ,  n o v o b io c in , w hich h a s  been  in c o rp o r a te d  i n t o  m edia 
f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  was u n a v a i la b le  a t  th e  tim e  o f  
th e s e  p r e l im in a r y  s t u d i e s .
The b io c h e m ic a l c h a r a c t e r i z a t i o n  and a n t i b i o t i c  s e n s i t i v i t y  s tu d ie s  
o f  th e  r e f e r e n c e  o rgan ism s r e v e a le d  t h a t  none o f  th e  s t r a i n s  showed any  
u n u su a l c h a r a c t e r i s t i c s .
E f f e c t  o f  R in g e r  s o l u t i o n . The r e s u l t s  o b ta in e d  from  th e  s tu d y  o f  th e
e f f e c t  o f  q u a r t e r - s t r e n g th  R in g e r s o lu t io n  (RS) on th e  re c o v e ry  o f  th e  
r e f e r e n c e  s t r a i n s  (T a b le  13 ) a r e  s i m i l a r  to  th o s e  r e p o r te d  by  J a y n e -  
W illiam s  (19^3) who found  t h a t  p ro lo n g e d  c o n ta c t  w ith  RS h ad  no e f f e c t  
on e i t h e r  E . c o l i  o r  S. ty p h im u riu m . T here  a re  no r e p o r te d  s tu d i e s  o f  
t h e  e f f e c t  o f  d i l u e n t  on Y. e n t e r o c o l i t i c a . H owever, a s  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  co lo n y  c o u n ts  o f  th e  f i v e  t e s t  s t r a i n s  
o v e r  th e  6 h e x p e r im e n ta l p e r io d  i t  was assum ed t h a t  n e i t h e r  a c c id e n t a l  
d e la y s  n o r  p la n n e d  s to r a g e  i n  RS would have  any  a p p re c ia b le  e f f e c t  on 
th e  re c o v e ry  o f  th e s e  r e f e r e n c e  o rg an ism s.
S e le c t io n  o f  r e f e r e n c e  b r o t h . T here w ere no r e p o r ts  o f  any  com parisons 
o f  n o n - s e le c t iv e  b ro th  m edia f o r  maximum re c o v e ry  o f  Y e r s in ia  sp p . w ith  
w hich t o  com pare th e  r e s u l t s  o f  t h i s  s tu d y .  I t  i s  i n t e r e s t i n g  to  n o te ,  
how ever, t h a t  i n  t h i s  co m p ariso n , th e  t h r e e  m edia ra n k in g  1 , 2 and 3 
(TS + D, TH and BHI r e s p e c t i v e l y ,  T ab le  15)> a l l  c o n ta in  sm a ll amounts 
o f  g lu c o se  b u t  th e  o th e r  s ix  m edia do n o t c o n ta in  t h i s  o r  any  o th e r  
s u g a r .
T here  w ere a l s o  no o th e r  r e p o r te d  s tu d ie s  on th e  e f f e c t  o f  non- 
s e l e c t i v e  b r o th  m edia on th e  re c o v e ry  o f  b a c t e r i a  from  a  m in im al 
inocu lum  w ith  w hich to  com pare th e  r e s u l t s  o f  t h i s  s tu d y  (T ab le  1 6 ) .  
M a rtin  e t  a l . (1976) r e p o r te d  o n ly  on th e  e f f e c t  o f  th e  p re s e n c e  o f
hy d rogen  p e ro x id e  on th e  r e c o v e ry  from  a g a r  m edia . However, i t  does 
seem p o s s ib le  t h a t  c a t a l a s e  p ro d u c tio n  i n  a  b ro th  medium i s  l e s s  
l i k e l y  t o  e f f e c t  g row th  b eca u se  o f th e  d i l u t i o n  f a c t o r  c au sed  by  th e  
c o n s ta n t  w ash ing  away o f  any  b y -p ro d u c ts  o f  g ro w th , by th e  c u r r e n t s  
w i th in  th e  b r o th  i t s e l f .  On an a g a r  medium th e  hydrogen  p e ro x id e  
p ro d u ced  w ould rem ain  c o n c e n tra te d  i n  c lo s e  p ro x im ity  to  th e  o rgan ism  
and  th e r e f o r e  b e  more l i k e l y  to  cau se  th e  i n h i b i t i o n  r e p o r t e d .
T here  was no s i g n i f i c a n t  d i f f e r e n c e  d e te c te d  betw een th e  b r o th  
m edia a v a i l a b l e  f o r  t h i s  s tu d y  so i t  was assum ed t h a t  any  o f  th e  n in e  
m edia w ould be s u i t a b l e  f o r  th e  grow th  o f  Y e r s in ia  from  a m in im al 
inocu lum .
The r e s u l t s  i n d i c a te d  t h a t  TS + D sh o u ld  be th e  medium o f  c h o ic e  
to  o b ta in  maximum re c o v e ry  b u t  a t  th e  tim e  d i f f i c u l t i e s  w ere b e in g  
e x p e r ie n c e d  i n  o b ta in in g  a  re a d y  su p p ly  o f  t h i s  p ro d u c t from  th e  USA.
I t  was th e r e f o r e  n e c e s s a ry  to  lo o k  more c l o s e l y  a t  TH and BHI. B oth 
o f  th e s e  m edia o b ta in e d  v e ry  s im i l a r  ra n k  s c o r e s .  Todd H e w itt b r o th  
was p re p a re d  i n  C o lin d a le  from  raw in g r e d i e n ts  and th u s  p o t e n t i a l l y  
more p rone  to  m is ta k e s  and v a r i a t i o n s  th a n  a  d e h y d ra te d  p ro d u c t .
.B ra in  H e a rt I n f u s io n  was r e a d i l y  a v a i l a b l e ,  a l r e a d y  in  r e g u la r  u se  i n  
th e  d ep a rtm en t and b e in g  a  d e h y d ra te d  p ro d u c t s u b je c t  to  r ig o r o u s  
q u a l i t y  c o n t r o l .  A lthough d e h y d ra te d  m edia do s u f f e r  b a tc h  v a r i a t i o n s  
th e s e  a r e  u s u a l ly  m in im a l. As su b se q u en t s tu d ie s  showed BHI p ro v ed  to  
be v e ry  r e l i a b l e  w ith  no s i g n i f i c a n t  b a tc h  t o  b a tc h  v a r i a t i o n .
B. Growth and survival studies
In t r o d u c t io n
Many fo o d s  a r e  h an d led  a f t e r  cook ing  and a r e  th e r e f o r e  v u ln e ra b le  
t o  c o n ta m in a tio n  by e n t e r i c  p a thogens from  th e  food  h a n d le r s .  S a la d  
in g r e d ie n ts  such  as  c o ld  m ea t, e g g s , r i c e  and m ayonnaise (w hich i s  n o t 
cooked) a r e  p a r t i c u l a r l y  h aza rd o u s  a s  a p a r t  from  r e c e iv in g  no f u r t h e r  
h e a t in g  p r i o r  to  b e in g  consumed th e y  a r e  f r e q u e n t ly  l e f t  i n  a  warm 
k i tc h e n  f o r  s e v e r a l  h o u rs  d u rin g  p r e p a r a t io n  o f  th e  f i n a l  d i s h e s .
T here have been  an  in c r e a s in g  number o f  r e p o r t s  o f  t h i s  ty p e  o f  fo o d  
b e in g  im p lic a te d  i n  fo o d  p o iso n in g  o u tb re a k s  p a r t i c u l a r l y  i n  th e  USA, 
w here f o r  in s ta n c e  a  m ajo r o u tb re a k  o f  s h i g e l l o s i s  was t r a c e d  t o  sa lad , 
d r e s s in g  (Weissman e t  a l . 1 9 7 4 ). Y e r s in ia  e n t e r o c o l i t i c a  p r e s e n ts  a  
new problem  b eca u se  o f  i t s  a b i l i t y  t o  grow a t  r e f r i g e r a t i o n  te m p e ra tu re s  
(4°C) w hich c o u ld , p re su m ab ly , tu r n  even th e  11 s a f e M s to r a g e  o f  fo o d  i n  a  
r e f r i g e r a t o r ,  i n to  a  h a z a rd .
Foods n o t o n ly  c o n ta in  v a ry in g  c o n c e n tra t io n s  o f sodium c h lo r id e  
b u t pH v a lu e s  v a ry  c o n s id e ra b ly  w ith  each  ty p e  o f  p ro d u c t.  At th e  tim e 
o f  t h i s  s tu d y  th e r e  were few  p u b lish e d  r e p o r t s  on e i t h e r  th e  e f f e c t  o f  
pH o r  sodium c h lo r id e  on th e  grow th and  s u r v iv a l  o f  Y. e n t e r o c o l i t i c a  o r  
in d e ed  on grow th and  s u r v iv a l  o f th e  organism  in  fo o d s . Hanna and  co­
w orkers (Hanna e t  a l  1977b) had  in v e s t ig a t e d  th e  e f f e c t s  o f  h e a t in g ,  
f r e e z in g  and pH on Y. e n t e r o c o l i t i c a - l i k e  organism s from  m eat and found
t h a t  e x te n s iv e  d e s t r u c t io n  o c c u rre d  on b e e f  d u r in g  f ro z e n  s to r a g e .
3 4  6 7U sing  two inoculum  l e v e l s ,  1 x 1 0  t o  1 x  10 and 1 x 1 0  t o  1 x  10
o rg a n ism s/g , and  s to ra g e  a t  -20°C , one s t r a i n  c o u ld  n o t be d e te c te d  a f t e r  
2 weeks and two o th e r  s t r a i n s  c o u ld  n o t  be  d e te c te d  a f t e r  4  w eeks. To 
s tu d y  th e  e f f e c t  o f  pH on th e  grow th o f  Y. e n t e r o c o l i t i c a - l i k e  o rg a n ism s , 
th e s e  w orkers  a d ju s te d  th e  pH o f  BHI b ro th  w ith  sodium  h y d ro x id e  o r  
h y d ro c h lo r ic  a c id  p r i o r  to  s t e r i l i z a t i o n  and  re c o rd e d  th e  grow th  o f  th e  
o rgan ism s o v e r 24  h .  They r e p o r te d  t h a t  th e  grow th  o f  th e  Y. e n te r o ­
c o l i t i c a - l i k e  o rgan ism s was b e t t e r  a t  pH 7 .0  and pH 8 .0  th a n  a t  pH 6 .0  o r  
pH 9 .0  and t h a t  l i t t l e  o r  no grow th o c c u rre d  a t  pH 5*0.
I n  a  f u r t h e r  s tu d y  th e  same w orkers (Hanna e t  a l . 1 S l l£ )  demon­
s t r a t e d  in c re a s e s  i n  th e  co u n ts  o f  Y. e n t e r o c o l i t i c a  on a r t i f i c i a l l y
o o
c o n tam in a ted  cooked and raw b e e f  and pork  in c u b a te d  a t  7 and  25 C
w ith in  7-10  days and 24 h r e s p e c t iv e l y .  Only s in c e  th e  g row th  and 
s u r v iv a l  s tu d ie s  p re s e n te d  i n  t h i s  t h e s i s  w ere c a r r i e d  o u t h as  S te rn  
and h is  co -w o rk ers  (S te rn  e t  a l . 1980a) r e p o r te d  b a c t e r i o s t a t i c  and 
b a c t e r io c i d a l  i n h i b i t i o n  o f  Y. e n t e r o c o l i t i c a  by  "]% sodium c h lo r id e  in  
B ra in  H eart I n f u s io n  b ro th  in c u b a te d  a t  3° and  25°C. I n  th e  same 
s tu d y  th e y  a l s o  o b serv ed  t h a t  Y. e n t e r o c o l i t i c a  c o u ld  grow betw een pH 
4 .6 - 9 .0 .
The in v e s t ig a t io n s  p re s e n te d  in  t h i s  s e c t io n  w ere aim ed a t  s tu d y ­
in g  th e  e f f e c t  o f  pH and  sodium c h lo r id e  on th e  grow th o f  Y. e n t e r o c o l i t i c a  
and th e  grow th and s u r v iv a l  o f  th e  o rgan ism  in  a  v a r i e ty  o f  p o t e n t i a l l y  
h aza rdous fo o d s  s to r e d  a t  v a r io u s  te m p e ra tu re s .
Methods
1• The e f f e c t  o f  pH on th e  grow th and  s u r v iv a l  o f  Y. e n t e r o c o l i t i c a
in  B ra in  H eart I n f u s io n  b ro th
The r e f e r e n c e  s t r a i n s  u sed  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9
B u ffe re d  B ra in  H eart I n fu s io n  b ro th  (BBHl) was p re p a re d  a t  pH 2 .4 ,
3 .6 ,  4 .2 ,  4 .4 ,  4 . 6 ,  4 .8 ,  5* 4 , 6 .6  and 7 .8  and  d i s t r i b u t e d  in  20 ml 
volum es in  2 oz wide mouth screw  capped j a r s .
O vernifdit BHI b r o th  c u l tu r e s  o f th e  t e s t  s t r a i n s  w ere d i l u t e d  to  an
g
e s tim a te d  c o n c e n tr a t io n  o f 10 o rgan ism s/m l and in o c u la te d  (0 .0 2  m l) 
s e p a r a te ly  in to  j a r s  o f  each o f  th e  BBHI b ro th s  to  g iv e  a p p ro x im a te ly  
103 o rg an ism s/m l. The b ro th  c u l tu r e s  were in c u b a te d  a t  22°C f o r  72 h 
and s u r f a c e  co lony  co u n ts  c a r r i e d  o u t a f t e r  0 ,  8 , 14» 1 8 , 2 2 , 2 6 , 3 0 ,
3 8 , 4 8 , 62 and 72 h in c u b a t io n  ( s e e  page82 ) .
2 .  The e f f e c t  o f  sodium  c h lo r id e  on th e  grow th o f  Y. e n t e r o c o l i t i c a  i n
B ra in  H ea rt In fu s io n  b ro th
The r e f e r e n c e  s t r a i n s  used  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9
B ra in  H e a rt In fu s io n  b r o th  (BHI) to  which had been  added  0 ,  2 .5>
3 .5  and 4 .5 ^  sodium  c h lo r id e  to  g iv e  f i n a l  c o n c e n tra t io n s  o f  0 .5 ,  3 .0 ,
4 .0  and 5 .0 ^  was d i s t r i b u t e d  i n  20 ml volum es i n  2 oz wide mouth sc rew  
capped j a r s .  O vern igh t b ro th  c u l tu r e s  o f th e  t e s t  s t r a i n s  w ere d i l u t e d
t o  an  e s t im a te d  c o n c e n tr a t io n  o f  10^ c e l l s /m l  and in o c u la te d  (0 .0 2  ml 
s e p a r a t e ly  in to  th e  BHI p lu s  sodium c h lo r id e  b ro th s  to  g iv e  approxim ­
a t e l y  103 c e l l s /m l .  The b ro th  c u l tu r e s  were in c u b a te d  a t  30°C f o r  48 h 
and  s u r fa c e  co lo n y  co u n ts  c a r r i e d  o u t a f t e r  0 ,  8 , 14> 1 8 , 30 and 48 h 
in c u b a t io n  ( s e e  page 8 2 ) .
3 .  The grow th and s u r v iv a l  o f Y. e n t e r o c o l i t i c a  i n  foods 
The r e f e r e n c e  s t r a i n s  u se d  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9
P re p a ra t io n  o f  fo o d s
H ard b o i le d  eg g , b o i le d  f i s h ,  r i c e ,  p o ta to  and  r o a s t  ch ick en  were p re p ­
a re d  by no im al dom estic  m ethods. A f te r  cook ing  any  n o n -e d ib le  p a r t s  w ere 
removed and w here n e c e s s a ry  th e  foods w ere chopped o r  f i n e l y  hom ogenized.
C h o co la te  m ilk  was p re p a re d  by ad d ing  1 0 ^  c h o c o la te  sauce  to  p a s te u r iz e d  
m ilk .
M ayonnaise was p re p a re d  by  norm al dom estic  m ethods from  s i x  r e c ip e s  
(T ab le  1 7 ) .
T ab le 17
S ix  r e c ip e s  f o r  m ayonnaise sauce
Recipe Egg Mustard
g
S a lt
g
Sugar
g
Acid
ml
O i l
ml
F in a l
PH
*  A 1 y o lk 0.1 1.5 1.2 Lon on 
40
142 2 .9
* B 1 whole 0.1 1.5 1 .2 Lemon
40
142 3.3
** c 1 whole 0.2 NS None Lemon
20
284 3 .7
*  D 1 whole 0.1 1.5 1.2 V inegar
40
142 . 4 .0
* *  E 1 whole 0.2 NS None Lemon
10
284 4.15
*#  ]? 1 whole 0.2 NS None V inegar
10
284 4 .8
* = The B le n d e r Book 1971 . London, Elm Tree Books/lHamish H am ilton ;
** = The M ixer Book 1972. London Elm T ree  Books/faamish H am ilton ;
NS = ” to  t a s t e " ,  q u a n t i ty  n o t s p e c i f i e d .
I n o c u la t io n  o f  fo o d s
Ten gram q u a n t i t i e s  o f  each fo o d  w ere d i s t r i b u t e d  in to  s t e r i l e  1 l b  
screw  capped j a r s .  O vern igh t b ro th  c u l tu r e s  o f th e  t e s t  s t r a i n s  w ere 
d i l u te d  to  g iv e  an  e s t im a te d  3 x 10^ o rgan ism s/m l (s e e  page 82 ) and  
0 . 0 6  ml volum es o f  th e  s t r a i n s  w ere th e n  in o c u la te d  s e p a r a te ly  on to  th e  
s u r f a c e  o f  th e  10 g sam ples to  g iv e  a p p ro x im a te ly  10^ o rg a n ism s/m l.
B o ile d  f i s h  and r o a s t  c h ic k e n , 120 x  10 g sam ples o f  each fo o d  w ere d i s ­
t r i b u t e d  and b o th  t e s t  s t r a i n s  were in o c u la te d  s e p a r a te ly  on to  th e
/• os u r f a c e  o f 60 sam p le s . Nine j a r s  o f  fo o d  were each  in c u b a te d  a t  -20  C
o , N
and 4  C and s u r f a c e  co lony  co u n ts  ( s e e  page 82 ) c a r r i e d  o u t a f t e r  1 , 2 ,
3 , 7 ,  10 , 2 1 , 35 , 49  and  63 d ay s . Ten j a r s  o f  fo o d  were each  in c u b a te d
O O O  -O / »
a t  12 , 22 ,  30 and 36 C and s u r f a c e  co lopy  c o u n ts  ( s e e  page 82 ) c a r r i e d  
o u t a f t e r  5 ,  8 ,  1 4 , 1 8 , 2 4 , 30 , 48 and 72 h and 7 and  10 d a y s . The pH 
o f  th e  fo o d  was n o te d  a f t e r  2 4 ,  48 and 72 h in c u b a tio n  ( s e e  page 8 3 )*
B o ile d  p o ta to  and h a rd  b o i le d  eg g , 84  x  10 g and  88 x 10 g sam ples o f  
each fo o d  r e s p e c t iv e l y ,  were d i s t r i b u t e d  and b o th  t e s t  s t r a i n s  w ere 
in o c u la te d  s e p a r a te ly  o n to  th e  s u r fa c e  o f 42 b o i le d  p o ta to  and 44  h a rd  
b o i l e d  egg sam p les . E i^ i t  j a r s  o f fo o d  were in c u b a te d  a t  -2 0 °C , and
4°C and s u r f a c e  co lo n y  co u n ts  ( s e e  page82  ) c a r r i e d  o u t a f t e r  1 ,  2 ,  3 ,  7 ,
>■ 0 02 1 , 3 5 , 49 and  63 d a y s . S ix  j a r s  o f  fo o d  were in c u b a te d  a t  12 , 2 2  ,
30° and 36°C and s u r fa c e  co lo n y  co u n ts  ( s e e  page82  ) c a r r i e d  o u t a f t e r
5 ,  8 ,  1 4 , 1 8 , 24 a n d , i n  th e  ca se  o f  h a rd  b o i le d  egg o n ly , 30 h .  The
pH o f  th e  fo o d  was n o te d  a f t e r  2 4 , 48 and  72 h in c u b a tio n  ( s e e  page 83  ) .
B o ile d  r i c e . 78  x  10 g sam ples o f  r i c e  were d i s t r i b u t e d  and  b o th  t e s t
s t r a i n s  w ere in o c u la te d  s e p a r a te ly  o n to  th e  s u r f a c e  o f 39 sam p les . S ix
j a r s  o f  r i c e  w ere in c u b a te d  a t  -20°C  and s u r f a c e  co lony  c o u n ts  c a r r i e d
o u t a f t e r  1 ,  2 ,  3 , 23 , 42 and  56  d a y s . E ig h t j a r s  were in c u b a te d  a t
4°C and  s u r f a c e  co lo n y  co u n ts  (s e e  page 82) c a r r i e d  ou t a f t e r  1 , 2 , 3 ,
7 ,  9 , 2 3 , 42 and 56 d a y s . E ig h t j a r s  w ere in c u b a te d  a t  12° and s ix
each  a t  2 2 ° , 30° and 36° C and s u r f a c e  co lo n y  co u n ts  (s e e  page 32 )
o
c a r r i e d  o u t a f t e r  5 ,  8 ,  1 4 , 1 8 , 24 an d , i n  th e  c a se  o f 12 C a l s o  a f t e r
3 0 , 4 8 ,  and  72 h . The pH o f  th e  fo o d  was n o te d  a f t e r  2 4 , 48 and  J2 h
in c u b a tio n  ( s e e  page 8 3 ) .
C h o co la te  m ilk , 80 x  10 g sam ples were d i s t r i b u t e d  and  b o th  t e s t  s t r a i n s  
were in o c u la te d  s e p a r a te ly  o n to  th e  s u r f a c e  o f  40 sam p les . F ou r j a r s  
w ere in c u b a te d  a t  -2 0 °  and  4°C and s u r f a c e  co lo n y  co u n ts  ( s e e  page 82 ) 
c a r r i e d  ou t a f t e r  1 ,  2 ,  3 an d  7 d a y s . Seven j a r s  w ere in c u b a te d  a t
1 2 ° , 2 2 ° , 30° and  36°C and s u r f a c e  co lony  c o u n ts  ( s e e  page 82 ) c a r r i e d  
ou t a f t e r  8 , 1 4 , 1 8 , 24 , 30 , 48 and 72 h . The pH o f  th e  fo o d  was 
n o te d  a f t e r  2 4 , 48 and  72 h  in c u b a tio n  ( see  page 83 ) ,
M ayonnaise, 12 x 10 g sam ples o f  each  r e c ip e  were d i s t r i b u t e d  and  th e  
two t e s t  s t r a i n s  in o c u la te d  s e p a r a t e ly  in to  6 j a r s .  Four j a r s  were 
in c u b a te d  a t  30°C and s u r f a c e  co lony  co u n ts  ( s e e  page 82 ) c a r r i e d  ou t 
a f t e r  5 ,  8 ,  18 and  24 h .  The d i lu e n t  f o r  th e  24 h  s u r fa c e  co lo n y  
c o u n ts  was BHI b r o th  in s te a d  o f  RS and a f t e r  u se  th e  1 :1 0  d i l u t i o n  was 
in c u b a te d  a t  30°C o v e rn ig h t and  s u b -c u l tu re d  t o  BHI + D p l a t e s  f o r  
in c u b a t io n  a t  30°C f o r  48 h .
R e s u lts
1• E f f e c t  o f  pH on th e  grow th and s u r v iv a l  o f  Y. e n t e r o c o l i t i c a  i n  
B ra in  H e a r t I n fu s io n  b ro th
The grow th cu rves  o f  Y. e n t e r o c o l i t i c a  s e ro ty p e s  0 :3  and  0 :9  a t
v a r io u s  pH v a lu e s  i n  BBHI b ro th  a r e  shown i n  F ig u re s  4  an d  5* The
lo w er th e  pH v a lu e  th e  more p ro lo n g e d  was th e  l a g  p e r io d .  At pH 3*6
and  below  th e r e  was a  r a p id  d e c re a se  i n  th e  number o f  Y. e n t e r o c o l i t i c a
and w ith in  48 h th e  number o f  b o th  s t r a i n s  had d im in ish e d  to  below  th e
l i m i t s  o f  th e  c o u n tin g  m ethod. At pH 4*2 b o th  s t r a i n s  s u rv iv e d  f o r
72 h w ith  l i t t l e  o r  no v a r i a t i o n  fro m  th e  o r ig i n a l  c o u n t. The pH v a lu e s
o f  4 .2  -  4 .4  a p p e a re d  t o  be th e  th r e s h o ld  o f  i n h i b i t  io n /g ro w th  and
a lth o u g h  a t  pH 4*4 th e  l a g  p e r io d  was p ro lo n g e d , grow th d id  n o t  o c c u r  a f t e r  38
S ero ty p e  0 :3  f i n a l l y  re a c h e d  a  l e v e l  o f  2 .7 5  x 10^ o rg an ism s/m l a t  72 h
and s e ro ty p e  0 :9  re a c h e d  a  l e v e l  o f  7*5 x  10 o rgan ism s/m l by  62 h ;
how ever, t h i s  s t r a i n  a p p e a re d  to  have d e c l in e d  a t  72 h .  Growth o f  b o th
s t r a i n s  o c c u rre d  more r e a d i ly  a t  pH 4 .6  and  a l l  v a lu e s  above t h i s .  F o r
o
exam ple a t  pH 6 .6  and 7 .8  l e v e l s  o f  ^ 1  x  10 o rgan ism s/m l w ere a t t a i n e d  
w ith in  30 h .
2 . E f f e c t  o f  sodium  c h lo r id e  on th e  grow th  o f  Y. e n t e r o c o l i t i c a  i n  
B ra in  H e a rt In fu s io n  b ro th
The e f f e c t  o f  sodium  c h lo r id e  on th e  grow th o f Y. e n t e r o c o l i t i c a  
i s  shown i n  F ig u re  6 . Both t e s t  s t r a i n s  a t t a i n e d  co lony  c o u n ts  o fg
> 6.23  x  10 o rgan ism s/m l i n  0 .5 % sodium c h lo r id e  w ith in  14 -1 8  h
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Figure 4. Effect of pH on the growth and survival of Y .enterocolitica
serotype 0:3 in Brain Heart Infusion broth at 22°C
8 14 18 22 26 30 7238 48 62
incubation  time (hours)
O = pH 2 .4 ;  A = pH 3 .6;  □  = pH 4 ,2 ;  •  = pH 4 .4 ;  A = pH 4 .6 ;  ■ = pH 4 . 8 ;  
X = pH 5 .4 ;  +  = pH 6 .6;  Q  •" pH 7 .8 ;  y ~ lower l i m i t  of  counting  method.
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Figure 5. Effect of pH on the growth and survival of Y .enterocolitica
serotype 0:9 in Brain Heart Infusion broth at 22°C
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incubat ion  time (hours)
O  = pH 2 .4 ;  A = pH 3 .6 ;  □ =  pH 4 .2 ;  0 =  pH 4 .4 ;  A = pH 4 .6 ;  □ =  pH 4 . 8 ;  
X = pH 5 .4 ;  4 . = pH 6 . 6 ;  Q =  pH 7 .8;  y = lower l i m i t  of count ing method.
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in c u b a t io n  and i n  J>% sodium c h lo r id e  s im i l a r  co u n ts  w ere a t t a i n e d  a f t e r  
24 h .  In  4 $  sodium  c h lo r id e  th e  r a t e  o f  grow th o f  b o th  Y. e n t e r o c o l i t i c a
g
s e ro ty p e s  0 :3  an d  0 :9 , was i n h i b i t e d  and  co lony  c o u n ts  o f  3 x  10 and  4  x
g
10 o rgan ism s/m l r e s p e c t iv e ly  w ere o n ly  a t t a i n e d  a f t e r  48 h .  In  5%
sodium  c h lo r id e  t h i s  i n h i b i to r y  e f f e c t  was much g r e a t e r .  The co lony
4
c o u n ts  o f  s e ro ty p e  0 :3  d e c l in e d  i n i t i a l l y  b e fo re  r i s i n g  t o  8 ,5  x  10 
o rgan ism s/m l a f t e r  48  h  and  a lth o u g h  s e r o ty p e ,0 :9  a l s o  showed a  d e c l in e  
i t  was l e s s  m arked th a n  s e ro ty p e  0 :3  an d  th e  co lony  c o u n ts  ro s e  s lo w ly  
t o  7 x  105 o rg an ism s/m l a f t e r  48  h #
3 .  Growth o f  Y. e n t e r o c o l i t i c a  i n  fo o d s
B o ile d  f i s h ,  h a rd  b o i l e d  eg g , b o i le d  p o ta to ,  b o i le d  r i c e  and r o a s t
c h ic k e n . Growth p a t t e r n s  o f  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  i n  b o i le d
f i s h  i s  shown i n  F ig u re  7 .  T hese r e s u l t s  a r e  r e p r e s e n ta t iv e  o f  th o se
o b ta in e d  w ith  bo th  t e s t  s t r a i n s  in  h a rd  b o i l e d  eg g , b o i l e d  p o ta to ,
b o i le d  r i c e  and r o a s t  c h ic k e n . At 2 2 ° , 30° and 36° C th e  co lo n y  co u n ts
r o s e  r a p id ly  to  >1 x 10^ o rgan ism s/m l w ith in  30 h .  At 12°C th e  same
o
le v e l  was re a c h e d  a f t e r  72 h and a t  4  C t h e r e  was a  s te a d y  in c r e a s e  xn
g
co u n t to  >1 x  10 o rg an ism s/m l o v e r a  p e r io d  o f  7-10 d a y s . Both 
s t r a i n s  o f  Y. e n t e r o c o l i t i c a  s u rv iv e d  f o r  a t  l e a s t  8 -9  weeks s to r a g e  a t  
-20°C , th e  number o f  v ia b le  c e l l s  rem a in in g  a t  th e  same l e v e l  a s  th e  
i n i t i a l  c o u n t .  The co lo n y  c o u n ts  on th e  b o i le d  f i s h  and  r o a s t  ch ic k e n  
in c u b a te d  a t  1 2 ° , 2 2 ° , 30° an d  36°  C and c a r r i e d  o u t a f t e r  7 an d  10 days 
showed a  d i s t i n c t  d e c l in e  i n  th e  number o f  Y. e n t e r o c o l i t i c a  p r e s e n t ,  
th e  m ost r a p id  d e c re a se  b e in g  a t  $6°C. B o ile d  p o ta to  was th e  o n ly  fo o d  
t e s t e d  w hich became even s l i g h t l y  d is c o lo u re d  p o s s ib ly  by  th e  grow th o f  
th e  Y. e n t e r o c o l i t i c a .
The r o a s t  c h ic k e n  was found  to  b e  co n tam in a ted  w ith  an  a e ro b ic  
sp o r in g  b a c i l l u s  w hich grew a t  th e  same r a t e  a s  th e  t e s t  s t r a i n .  I t  
was im p o ss ib le  to  re a d  th e  r e s u l t s  o f  th e  s u r f a c e  co lo n y  co u n ts  on BHI +
D a g a r  b u t  th e  co n tam in an t was i n h i b i t e d  on LSU a g a r .  The grow th o f  th e  
t e s t  s t r a i n s  i n  th e  c h ick en  d id  n o t  a p p e a r  to  be in h i b i t e d  by th e  
b a c i l l u s .
C h oco la te  m ilk . The g row th  p a t te r n s  o f Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
and com peting  organ ism s a r e  shown i n  F ig u re  8 . They a r e  r e p r e s e n t a t i v e  
o f  th e  r e s u l t s  o b ta in e d  w ith  bo th  t e s t  s t r a i n s .  These r e s u l t s  a r e  n o t 
m arked ly  d i f f e r e n t  from  th o s e  o b ta in e d  w ith  th e  o th e r  fo o d s e x c e p t th e r e  
ap p ea rs  to  be  an  u n e x p la in e d  and  sudden c o n s ta n t  f a l l  and r i s e  in  th e
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number o f  v ia b le  organ ism s a t  each te m p e ra tu re .  Both s t r a i n s  o f  Y. 
e n t e r o c o l i t i c a  grew e q u a l ly  a s  w e ll  as th e  con tam inan t o rg an ism s.
M ayonnaise. The s u r v iv a l  o f  b o th  t e s t  s t r a i n s  i s  shown in  T ab le  18 . 
Both s t r a i n s  o f  Y. e n t e r o c o l i t i c a  f a i l e d  to  grow i n  any  o f  th e  s ix  
m ayonnaise sau ces  exam ined and  th e  d e a th  r a t e  was r a p id .  Both t e s t  
s t r a i n s  w ere re c o v e re d  from  r e c ip e  E (pH 4*15) a f t e r  8 h  b u t n o t a f t e r  
18 o r  24 h .  S e ro ty p e  0 :9  was re c o v e re d  from ’ r e c ip e  F (pH 4*8) a f t e r  l 8 h  
b u t n o t a f t e r  24 h and s e ro ty p e  0 :3  was re c o v e re d  from  r e c ip e  D (pH 4*0) 
a f t e r  24 h  b u t n o t a f t e r  5 o r  18 h .  Y e r s in ia  e n t e r o c o l i t i c a  was 
i s o l a t e d  from  on ly  one ( s e ro ty p e  0:3> r e c ip e  D) o f  th e  1 :1 0  BHI d i l u t io n s  
in c u b a te d  a t  30°C o v e rn ig h t .
A p o r t i o n  o f  m ayonnaise sa u c e , r e c ip e  E (pH 4 .1 5 )  was m ixed w ith  
b o i le d  p o ta to  (pH 6 .0 )  a s  f o r  p o ta to  s a la d  and  i t  was n o te d  t h a t  th e  
f in i s h e d  p ro d u c t was pH 5*8.
The e f f e c t  o f  th e  grow th o f  Y. e n t e r o c o l i t i c a  on th e  pH o f  th e  
v a r io u s  fo o d s  a f t e r  24 h in c u b a t io n  i s  shown in  F ig u re  9*
These r e s u l t s  r e f l e c t  th e  e f f e c t  w hich Y. e n t e r o c o l i t i c a  a lo n e  had 
on th e  pH o f  th e  fo o d s . A f te r  24 h  in c u b a t io n  th e  o th e r  o rgan ism s w ere , 
i n  m ost c a s e s , i n  low  numbers w hereas a f t e r  48 and 72 h  th e y  h ad  m u l t i ­
p l i e d  to  l a r g e  num bers a t  most o f  th e  te m p e ra tu re s  u sed  and w ere them ­
s e lv e s  a f f e c t i n g  th e  pH o f  th e  fo o d .
The r o a s t  c h ic k e n , b o i le d  p o ta to  and  h a rd  b o i le d  egg w ere each  con­
ta m in a te d  w ith  a e ro b ic  s p o r in g  b a c i l l i  w hich came from  th e  i n e v i t a b l e  
h a n d lin g  t h a t  th e s e  p a r t i c u l a r  fo o d s  had  r e c e iv e d  d u r in g  p o s t-c o o k in g  
p r e p a r a t io n .  The b o i le d  r i c e  d id  n o t c o n ta in  any  c o n tam in a n ts  and  th e
c h o c o la te  m ilk  was n a t u r a l l y  co n tam in a ted  w ith 'm any  s p e c ie s  o f  o rg an ism s.
2 8A w ide ran g e  o f  co lony  co u n ts  (1 .5  x  10 -  10 .7 5  x  10 o rg a n ism s/g )  o f  th e
Y. e n t e r o c o l i t i c a  t e s t  s t r a i n s  were o b ta in e d  in  th e  fo o d s  o v e r th e  f i v e  
in c u b a t io n  te m p e ra tu re s .  The grow th o f Y. e n t e r o c o l i t i c a  d id  n o t a f f e c t  
th e  pH o f  any  o f  th e  fo o d s .  However, s l i g h t  v a r i a t i o n s  d id  o c c u r  i n  th e  
pH o f  some o f  th e  sam ples in c u b a te d  a t  th e  h ig h e r  te m p e ra tu re s  where th e  
c o n ta m in a tin g  o rgan ism s grew more f r e e l y ,  f o r  exam ple, th e  b o i l e d  p o ta to ,  
h a rd  b o i l e d  egg and c h o c o la te  m ilk . The a e ro b ic  s p o r in g  b a c i l l u s  
p r e s e n t  i n  th e  r o a s t  c h ic k e n  outgrew  b o th  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  a t  
36°C b u t  th e r e  was no change in  th e  pH o f th e  fo o d .
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D isc u s s io n
£H. The r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  (F ig u re s  4  and 5) o f  th e  
e f f e c t s  o f  pH o f  n u t r i e n t  b r o th s  on th e  grow th o f  Y. e n t e r o c o l i t i c a  
a r e  com parab le  i n  many r e s p e c t s  w ith  th o s e  o f  Hanna e t  a l . (1977]>).
The m ain d i f f e r e n c e  betw een t h e i r  r e s u l t s  and. th o s e  p re s e n te d  h e re  i s  
t h a t  th e y  fo u n d  no in c re a s e  i n  grow th o v er 24 h a t  pH 5*0 w hereas th e s e  
r e s u l t s  show a  d e f i n i t e  in c r e a s e  i n  numbers w ith in  t h a t  p e r io d .  T h is  
f in d in g  was co n firm ed  by S te rn  e t  a l . (1980a) who a l s o  showed t h a t  Y.
e n te r o c o l i t i c a  c o u ld  grow q u i te  r e a d i l y  a t  pH 5*0.
Sodium c h l o r i d e . At th e  tim e  o f  th e  s tu d y  o f  th e  e f f e c t  o f  sodium  
c h lo r id e  on th e  grow th o f  Y. e n t e r o c o l i t i c a  th e r e  was no o th e r  work w ith  
w hich to  com pare th e  r e s u l t s .  The p re s e n t  s tu d y ,  how ever, does show 
th a t  an  in c r e a s in g  c o n c e n tr a t io n  o f  sodium c h lo r id e  w i l l  cause  in c r e a s in g  
in h i b i t i o n  o f  Y. e n t e r o c o l i t i c a  (F ig u re  6 ) .  These f in d in g s  have been  
con firm ed  b y  S te rn  e t  a l . (1 9 8 0 a ) .
Growth in  f o o d s . T here w ere a ls o  few p u b lis h e d  r e p o r t s  o f  s tu d ie s  on
th e  grow th and s u r v iv a l  o f  Y. e n t e r o c o l i t i c a  i n  fo o d s  and  none on th e  
e f f e c t  o f  th e  organism  on fo o d s  when t h i s  p r o je c t  b eg an . However, th e s e  
r e s u l t s  (F ig u re s  7 and 8) a r e  s im i la r  t o  th o s e  o b ta in e d  by  Hanna e t  a l . 
(1977.©) f o r  grow th o f  Y. e n t e r o c o l i t i c a  on raw  and cooked b e e f  and  p o rk . 
At 7°C th e y  found  t h a t  th e  m ain in c re a s e  in  numbers o c c u rre d  betw een 3 
and  7 days w hich i s  much th e  same a s  th e  r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  
a t  4°C . In  a n o th e r  s tu d y  by Hanna e t  a l . (1977]>) on 'the e f f e c t  o f  
f r e e z in g  on th e  s u rv iv a l  o f  Y. e n t e r o c o l i t i c a  in  cooked b e e f  none o f 
t h e i r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  c o u ld  be  d e te c te d  a f t e r  4  w eeks, 
w hereas th e s e  r e s u l t s  showed t h a t  v e ry  sm a ll numbers o f  Y. e n t e r o c o l i t i c a  
c o u ld  s t i l l  b e  d em o n stra ted  even a f t e r  9 weeks (63 days) a t  -20°C .
The r e s u l t s  o f  th e s e  s tu d ie s  co n firm  t h a t  Y. e n t e r o c o l i t i c a  i s  
p o t e n t i a l l y  a  h a z a rd  a s  a  fo o d  p o iso n in g  organism  b eca u se  o f  i t s  a b i l i t y  
n o t o n ly  to  s u rv iv e  b u t grow on foods i n  w hat up to  now h as  been  re g a rd e d  
a s  " s a f e ” c o n d i t io n s ,  a t  r e f r i g e r a t o r  te m p e ra tu re s  (4 °C ).
The a b i l i t y  a l s o  o f  th e  organ ism  t o  s u rv iv e  a t  pH 4 .2  and  to  grow 
s lo w ly  a t  pH 4 .4  c r e a te s  th e  p o s s i b i l i t y  t h a t  p ro lo n g e d  s to r a g e  even  
o f  an  a c id  fo o d  m igh t be h a z a rd o u s . However d e s p i t e  th e  a b i l i t y  o f  
th e  t e s t  s t r a i n s  t o  grow a t  pH 4 -4  i n  b u f f e r e d  BHI b ro th  n e i t h e r  s t r a i n s  
s u rv iv e d  more th a n  18 h i n  m ayonnaise sau ce  a t  pH 4 .8  (T ab le  1 8 ) .  Even
so  th e  p o t e n t i a l  h a z a rd  m ust n o t be ig n o re d  as  Y. e n t e r o c o l i t i c a  has 
been i s o l a t e d  from  egg m ayonnaise and I t a l i a n  s a la d  (A ldova e t  a l .
1 9 7 5 ).
The p re se n c e  o f Y. e n t e r o c o l i t i c a  i n  a  fo o d  canno t be  s u s p e c te d  
becau se  o f  any changes i n  ap p ea ran ce  o r  sm e ll o f  th e  fo o d . The c lu e  
to  a  bad fo o d  m ust s t i l l  be th e  d e te c t io n  o f  s p o ila g e  by o th e r  o rg a n - 
ism s b u t th e s e  may n o t a lw ays be p r e s e n t ,  a n d 'in d e e d ,  i n  g e n e ra l  food  
p o iso n in g  i s  cau sed  by  fo o d s which lo o k  and  sm e ll norm al and  i n  some 
in s ta n c e s  even  t a s t e  e x t r a  d e l i c io u s .
In  summary i t  h as  been  d em o n stra ted  t h a t :  Y. e n t e r o c o l i t i c a  can
s u rv iv e  a t  pH 4 .2  and grow s lo w ly  a t  pH 4 .4  a f t e r  a  p ro lo n g ed  lo g
p h ase ; th e  organism  i s  a b le  to  grow a s  w e ll  i n  3% sodium c h lo r id e  a s
i n  0 .5 $  b u t i s  i n h i b i t e d  in  4 $  o r  m ore; and w ith  th e  e x c e p tio n  o f
m ayonnaise sa u c e s  Y. e n t e r o c o l i t i c a  i s  a b le  to  grow in  fo o d s a t
o *0te m p e ra tu re s  from  4  C -  56 C w ith o u t a f f e c t i n g  e i t h e r  th e  pH o r  th e
ap p ea ran ce  o f  th e  fo o d  and i s  a ls o  a b le  to  s u rv iv e  f o r  a t  l e a s t  63 days
o
in  fo o d s  s to r e d  a t  -2 0  C.
C. Evaluation of media and methods for the isolation
of Yersinia enterocolitica
I n t r o d u c t io n
A number o f  th e  a g a r  and  b ro th  m edia commonly u sed  f o r  th e  
i s o l a t i o n  o f  S a lm o n e lla » S h ig e l la  and o th e r  e n t e r i c  p a th o g en s have 
been  t r i e d ,  w ith  v a ry in g  s u c c e s s ,  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a . 
The a g a r  m edia have in c lu d e d  MacConkey (MAC), l a c to s e  s u c ro s e  u re a  (LSU), 
S a lm o n e lla -S h ig e lla  (S S ), e o s in  m ethy lene b lu e  (EMB), d e o x y c h o la te  
c i t r a t e  (DCA), h 'ektoen e n t e r i c  (HEK), Endo (ENDO), x y lo se  l y s in e  deoxy- 
c h o la te  (XLD) and  b ism uth  s u lp h i t e  a g a rs  (B S).
At th e  tim e  t h a t  t h i s  p r o je c t  was begun on ly  one w o rk e r, N ilehn
(1 9 6 9 a ) , had  com pared th e  grow th c h a r a c t e r i s t i c s  o f  Y. e n t e r o c o l i t i c a
on a  v a r i e t y  o f  a g a r  m edia, h e r  aim to  f in d  a  s u i t a b l e  medium f o r  th e
i s o l a t i o n  o f  th e  organism  from  human f a e c e s  by  d i r e c t  p l a t i n g .  She
s tu d ie d  th e  grow th o f  35 s t r a i n s  m o stly  o f  human o r ig in  on LSU, SS, DCA
0 0and ENDO a g a rs  in c u b a te d  a t  b o th  37 and 23 C. The s t r a i n s  o f  human 
o r i g i n ,  w hich were s e ro ty p e s  0 :3  and 0 :9*  gave r e a s o n a b ly  good grow th 
on a l l  th e  m edia a t  b o th  te m p e ra tu re s ,  a l th o u g h , o ld e r  s t r a i n s  from  
d i f f e r e n t  o r ig in s  gave v e ry  v a r ie d  r e s u l t s  b o th  w ith  th e  in d iv id u a l  
m edia and  a t  th e  d i f f e r e n t  in c u b a t io n  te m p e ra tu re s .  N ile h n  a l s o  found  
t h a t  when th e  same m edia w ere s t r e a k e d  w ith  a  m ixed c u l tu r e  th e r e  was 
v e ry  l i t t l e  i n h i b i t i o n  o f  unw anted G ram -negative b a c t e r i a ,  e s p e c i a l l y  
P ro te u s  sp p . on ENDO a g a r ,  b u t t h a t  th e  rem a in in g  th r e e  m edia w here in c u b ­
a te d  a t  25°C showed in c re a s e d  i n h i b i t i o n  o f th e  u n d e s ire d  f a e c a l  b a c t e r i a  
w hich proved  t o  be  advan tag eo u s in  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a .
The d i s t i n c t  c o lo n ia l  c h a r a c t e r i s t i c s  o f  Y. e n t e r o c o l i t i c a  on LSU made 
d i f f e r e n t i a t i o n  somewhat e a s i e r  th a n  on th e  o th e r  m edia. H owever, 
w h ich ev er medium was u se d , in c u b a tio n  f o r  a t  l e a s t  2 days was fo u n d  to  
be e s s e n t i a l .
W auters (1973) r e p o r te d  t h a t  Y. e n t e r o c o l i t i c a  w i l l  t o l e r a t e  a s  
much a s  a  3$ c o n c e n tr a t io n  o f sodium d eo x y ch o la te  and t h a t  by  in c o rp o r ­
a t i n g  2% in to  SS a g a r  t h i s  medium (SS + D) gave good s e l e c t i v i t y  w h i ls t  
a l lo w in g  r a p id  grow th o f Y. e n t e r o c o l i t i c a . He fo u n d  i t  n e c e s s a ry  to
a d j u s t  th e  pH o f  th e  b ase  medium to  7 ,0  o r  above t o  a v o id  p r e c i p i t a t i o n
o
o f  th e  sodium d e o x y c h o la te . I f  in c u b a te d  a t  29 C th e  c o lo n ie s  o f  Y. 
e n t e r o c o l i t i c a  w ere v i s i b l e  a f t e r  20 h .  W auters recommends th e  u se  o f  
1 0 - f o ld  m a g n if ic a tio n  on a  s te r e o  m icroscope to  d i s t i n g u i s h  th e  co lo n y  
ty p e  which i s  c h a r a c t e r i s t i c  on ly  o f  s e ro ty p e s  0 :3  and 0 :9 .
As w ith  th e  a g a r  m edia a  v a r i e ty  o f  b ro th  m edia commonly used  f o r  
th e  i s o l a t i o n  o f  o th e r  p a th o g en s  have been s u g g e s te d  f o r  th e  i s o l a t i o n  
o f  Y . e n t e r o c o l i t i c a , , nam ely , G ram -negative b ro th  (&N), p ep to n e  w a te r 
(PV7), cooked m eat medium (CMM), v a r io u s  m o d if ic a t io n s  o f s e l e n i t e  b r o th ,  
and t e t r a t h i o n a t e  b r o th .  Only p h o sp h a te  b u f fe re d  s a l i n e  (PS) and 
W au te rs1 (1973) b ro th  (WB) w ere recommended s p e c i f i c a l l y  f o r  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a .
W auters (1 973) m o d ified  R a p p ap o rt’s (1956) b ro th  by in c r e a s in g  th e  
magnesium c h lo r id e ,  re d u c in g  th e  m a la c h i te  g reen  and ad d in g  c a r b e n i-  
c i l l i n .  He recommended t h i s  medium (WB) to  be u sed  in  c o n ju n c tio n  
w ith  SS + D a g a r ,  and s o le l y  f o r  th e  i s o l a t i o n  o f  th e  s e ro ty p e s  0 :3  and 
0 :9  and p o s s ib ly  0:1 and 0 :8 .  He found  th e  i s o l a t i o n  r a t e  o f  Y. e n te ro ­
c o l i t i c a  from  WB to  be a s  much a s  f o u r  tim e s  g r e a t e r  th a n  t h a t  from  
s e l e n i t e  o r  R appaport b r o th s .
Inoue & K urose (1975) m o d ifie d  s e l e n i t e  by  ad d in g  n o v o b io c in  (SN)
o
w hich was in c u b a te d  a t  37 C f o r  2A h and compared i t  w ith  PS in c u b a te d  
o
a t  5 C f o r  3 w eek s. Both b ro th s  w ere in o c u la te d  w ith  cow i n t e s t i n a l  
c o n te n ts  (115) and  b e e f  m eat ( 6 1 ) .  Nine cow and  15 b e e f  sam ples were 
fo u n d  t o  be p o s i t i v e  f o r  Y. e n t e r o c o l i t i c a  th ro u g h  PS b u t o n ly  one 
sam ple was p o s i t i v e  th ro u g h  SN.
B ecause o f  th e  la c k  o f  co m p ara tiv e  s tu d i e s ,  by o th e r  w o rk e rs , o f  
b o th  a g a r  and  b ro th  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  i t  was 
d e c id e d  to  in c lu d e  j u s t  such  a  s tu d y  a s  p a r t  o f  t h i s  p r o j e c t .  The 
com parisons r e p o r te d  i n  t h i s  s e c t io n  in c lu d e  some o f  th e  m edia commonly 
u se d , and r e a d i ly  a v a i l a b l e ,  f o r  th e  i s o l a t i o n  o f  th e  o th e r  e n t e r i c  
p a th o g en s  as  w e ll  a s  some o f th o s e  w hich have been s p e c i f i c a l l y  fo rm u l­
a te d  f o r  Y. e n t e r o c o l i t i c a . When t h i s  p r o je c t  began  th e s e  l a t t e r  m edia 
w ere few  and f a r  b e tw een . In  view  o f  t h i s  an a t te m p t was a l s o  made to  
fo rm u la te  a  new medium, e i t h e r  a g a r  o r  b r o th ,  a n d /o r  to  m odify  an  
e x i s t in g  one to  en ab le  more e f f e c t i v e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  
from  fo o d s  and  o th e r  m a te r i a l s .  T h is  was p a r t i c u l a r l y  r e le v a n t  a s  
m ost o f  th e  work so f a r  had been on i s o l a t i o n  from  c l i n i c a l  sp ec im en s .
As th e  su c c e s s  o r  f a i l u r e  o f  a  new medium depends on th e  c o r r e c t  c h o ic e  
o f  th e  s e l e c t i v e  a g e n ts  and a s  a l s o  i n  t h i s  f i e l d  no work had  been  
r e p o r te d  in v o lv in g  Y e rs in ia  sp p . a s tu d y  o f  th e  e f f e c t  o f  v a r io u s  
s e l e c t i v e  a g e n ts  was u n d e rta k e n .
A ntagonism  by o th e r  members o f  th e  same b a c t e r i a l  f a m ily  when in  
mixed c u l tu r e  had  a l s o  been  r e p o r te d .  K le b s ie l la  ae ro g e n e s  [A e ro b a c te r
a e ro £ e n e s ] ,  E . c lo a c a e  [A e ro b a c te r  c lo a c a e 1 and E. c o l i  may i n h i b i t  
o rgan ism s o f  th e  S a lm o n ella  and  S h ig e l la  groups a s  w e ll  a s  some o f th e  
G ram -p o s itiv e  b a c t e r i a  in c lu d in g  S tap h y lo co ccu s a u re u s  and B a c i l lu s  sp p .
( Wynne 1947; H a lb e r t  1948; H entges & F u lto n  1964; H entges 1967 , 1 9 6 9 ). 
T h is  p r o je c t  in c lu d e s  a  s tu d y  o f  th e  a n ta g o n is t i c  e f f e c t  o f  s im i la r  
o rgan ism s on Y. e n t e r o c o l i t i c a .
D uring  th e  l a s t  f i v e  y e a r s  s e v e r a l  more a g a r  and  b ro th  m edia have 
been  s p e c i a l l y  fo rm u la te d  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a .
These in c lu d e  MacConkey Tween (LEE) and  d e o x y rib o n u c le a se  s o r b i t o l  (DNA) 
a g a r s  (Lee 1977)* p e c t in  (PEC) a g a r  (Bowen & Kominos 1979)* c e l lo b io s e  
a r g in in e  ly s in e  (CAL) a g a r  (D udley & S h o tts  1 9 7 9 ), c e f s u lo d in - i r g a s a n -  
n o v o b io c in  (CIN) a g a r  (Schiem ann 1 9 7 9 b ), sodium o x a la te  (SO) a g a r  
(S o l te s z  e t  a l . 1 9 8 0 ) , supp lem en ted  p h o sp h a te  b u f f e r  (Mehlman e t  a l .
1978) and two m o d if ic a t io n s  o f  s e l e n i t e  b r o th  by  Lee e t  a l . (1 9 8 0 ).
Where p o s s ib le  some o f th e s e  m edia have been  in c lu d e d  in  th e  s tu d ie s  
r e p o r te d  in  t h i s  s e c t io n  o r  in  th e  com parisons o f  methods r e p o r te d  in  
s e c t io n  D.
Methods
1 .  E v a lu a tio n  o f  a g a r  m edia
S t r a in s  from  th e  su p p lem en ta ry  l i s t  o f  r e f e r e n c e  o rgan ism s w ere 
in c lu d e d  in  th e  fo llo w in g  s tu d ie s  o f  a g a r  m edia when i t  was th o u g h t 
t h a t  u s e f u l  in fo rm a tio n  c o u ld  be o b ta in e d .
a )  C o lo n ia l c h a r a c t e r i s t i c s  o f Y. e n t e r o c o l i t i c a  and o th e r  e n t e r o b a c te r i a
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  E. c o l i  QC 21043/75
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  H. a l v e i
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  K. ae ro g e n e s
Y. e n t e r o c o l i t i c a  NCTC 10460 P r o t .  m i r a b i l i s
Y. e n t e r o c o l i t i c a  NCTC 10598 RM b a c te r iu m
Y. p s e u d o tu b e rc u lo s is  S. typh im urium
E. c lo a c a e  S. f l e x n e r i
E. a lk a le s c e n s  S . so n n e i
The supplementary strains studied were:-
Y. e n t e r o c o l i t i c a  Y.4 6  s e ro ty p e  0 :5*27  Y. e n t e r o c o l i t i c a  Y.136
Y. e n t e r o c o l i t i c a  Y.63  s e ro ty p e  0 :6 ,3 0  s e ro ty p e  0 :8
The a g a r  media s tu d ie d  w e re :-
B ism uth s u lp h a te  a g a r  BBL (B1)
D ifco  (B2)
Lab M (B3)
Oxoid (B4)
B r i l l i a n t  g reen  a g a r ,  Oxoid (B&) 
D eoxycho la te  c i t r a t e  a g a r  (DCA) 
D eoxycho la te  c i t r a t e  s u c ro s e  a g a r  (DCSA) 
D eo x y rib o n u c lease  s o r b i t o l  a g a r  (DNA.) 
E o sin  m e thy lene  b lu e  a g a r  (EMB)
H ektoen e n t e r i c  a g a r  (HEK)
L ac to se  su c ro s e  u re a  a g a r  (LSU) 
Lee a g a r  (LEE)
MacConkey a g a r  (MAC) 
S a lm o n e lla -S h ig e lla  a g a r  (SS) 
S a lm o n e lla -S h ig e lla  p lu s  
d e o x y ch o la te  a g a r  (SS + D) 
T h io su lp h a te  c i t r a t e  b i l e  
s a l t  a g a r  (TCBS)
X ylose ly s in e  d eo x y ch o la te  
a g a r  (XLD)
The r e f e r e n c e  s t r a i n s . O vern igh t BHI b r o th  c u l tu r e s  o f  th e  r e f e r e n c e
s t r a i n s  w ere s u b -c u l tu re d  u s in g  a  c o n v e n tio n a l s t r e a k in g  method on to  a l l
oth e  t e s t  a g a r  m edia ex cep t DCA. The a g a r  p l a t e s  w ere in c u b a te d  a t  30 C
of o r  4-8 h e x c e p t LEE and DNA. a g a rs  w hich w ere in c u b a te d  a t  22 C f o r  48  h . 
The c o lo n ia l  c h a r a c t e r i s t i c s  o f  each  o rgan ism  on each  medium w ere 
re c o rd e d .
The su p p lem en ta ry  s t r a i n s .  O vern igh t BHI b ro th  c u l tu r e s  o f  th e  
su p p lem en ta ry  s t r a i n s  and  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  w ere sub­
c u l tu r e d  on to  DCA, DCSA, LSU, LEE, MAC, SS and SS + D. The a g a r
p l a t e s  were in c u b a te d  a t  30°C f o r  48  h e x c e p t LEE a g a r  w hich was
.0 .in c u b a te d  a t  22 C f o r  48  h .  
p ho to  g r a p h ic a l ly .
The c o lo n ia l  c h a r a c t e r i s t i c s  were re c o rd e d
b) Q u a n t i ta t iv e  e v a lu a t io n  o f  th e  grow th  o f Y. e n t e r o c o l i t i c a  an d  o th e r  
o rgan ism s
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  
Y. e n t e r o c o l i t i c a  NCTC 10460 
Y. p s e u d o tu b e rc u lo s is  
E . c lo a c a e
E . a lk a le s c e n s  
E . c o l i  QC 21043/75 
H. a l v e i  
K. ae ro g e n es  
P r o t .  m i r a b i l i s  
S. typhim urium
The supplementary reference strains studied were: -
B. a l v e i  G ram -p o sitiv e  coccus A
B. c e re u s  G ram -p o sitiv e  coccus B
B a c i l lu s  sp, P s . a e ru g in o sa
The m edia s tu d ie d  w e re :-
B ra in  H ea rt I n fu s io n  a g a r  (BHI a g a r )  S a lm o n e lla -S h ig e lla  a g a r  (S3)
D eoxycho la te  c i t r a t e  su c ro se  a g a r  (DCSA) S a lm o n e lla -S h ig e lla  p lu s  
L a c to se  su c ro se  u re a  a g a r  (LSU) d e o x y ch o la te  a g a r  (S3 + D)
MacConkey a g a r  (MAC) X ylose l y s in e  d eo x y ch o la te
a g a r  (XLD)
O v ern ig h t b ro th  c u l tu r e s  o f  th e  t e s t  o rganism s w ere d i lu t e d  1 :100  
w ith  q u a r t e r - s t r e n g th  R in g e r s o lu t io n  and th e n  f u r t h e r  1 0 - f o ld  d i l u t i o n s  
were p re p a re d  and s u r f a c e  co lo n y  c o u n ts  (s e e  page 82 ) c a r r i e d  ou t on 
each  o f  th e  t e s t  a g a r s .  The p l a t e s  w ere in c u b a te d  a t  30°C f o r  48  h„
c) N otes on two a d d i t i o n a l  a g a r  media
i .  P e c t in  a g a r  (P5C)
The r e f e r e n c e  s t r a i n s  u sed  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  NCTC 10460
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  Y. e n t e r o c o l i t i c a  NCTC 10598
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  Y. p s e u d o tu b e rc u lo s is
A lso  u sed  w ere 82 fo o d  i s o l a t e s  o f  Y. e n t e r o c o l i t i c a  and s ix  e n r ic h ­
ment c u l tu r e s  from  w hich Y. e n t e r o c o l i t i c a  had  been  i s o l a t e d  by e a r l i e r  
s u b - c u l tu r e .
The t e s t  s t r a i n s  w ere s tr e a k e d  e ig h t  to  a  p l a t e  on t o  th e  p e c t i n  
a g a r  and in c u b a te d  a t  22°C f o r  48  h .
The en rich m en t c u l tu r e s  were s t r e a k e d  o u t u s in g  a  c o n v e n tio n a l 
te c h n iq u e  an d  a l s o  in c u b a te d  a t  22°C f o r  48 h .
i i .  So d i m  o x a la te  a g a r  (SO)
S ix  en rich m en t c u l tu r e s  from  w hich Y. e n t e r o c o l i t i c a  had  e a r l i e r  
been  i s o l a t e d  were s u b -c u l tu re d  to  th e  o x a la te  a g a r  and  in c u b a te d  a t  
30°c f o r  48  h .
2. Evaluation of broth media
a) Qualitative evaluation of the growth of Yersinia spp. and other
e n te r o b a c te r ia  a t  v a r io u s  te m p e ra tu re s
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3 E . c o l i  QC 21043/75
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0 H. a l v e i
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9 K. ae ro g e n es
Y. e n t e r o c o l i t i c a  NCTC 10460 P r o t . m i r a b i l i s
Y. e n t e r o c o l i t i c a  NCTC 10598 RM b a c te riu m
Y. p s e u d o tu b e rc u lo s is S. typhim urium
E . c lo a c a e S. f l e x n e r i
E. a lk a le s c e n s S. so n n e i
The b r o th  m edia s tu d ie d  w ere :~
B ra in  H e a rt In fu s io n  b r o th  (BHl) S e le n i te  c y s t in e  b ro th  (Z
GN b r o th  (GN) S e le n i te  F b r o th  (SF)
P h osphate  b u f f e r e d  s a l in e  (PS) W au te rs’ b ro th  (WB)
O vern igh t b r o th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  w ere in o c u la te d  (0 .0 2
m l) i n to  each  o f  s i x  tu b e s  c o n ta in in g  5 ml °f* t e s t  medium and  in c u b a te d
a t  4 ° ,  1 2 ° , 2 2 ° , 3 0 ° , 36° and  4 3 ° C f o r  16  days> •
*>) Q u a n t i ta t iv e  e v a lu a t io n  o f  th e  grow th o f  Y e rs in ia  sp p . and  o th e r
e n t e r o b a c te r ia
i .
O O  0
Growth o f  Y e rs in ia  s p p .  and  o th e r  e n te r o b a c te r  a t  30 , 22 and  4  C
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3 E . c o l i  QC 21043/75
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0 H. a l v e i
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9 K. ae ro g e n es
Y. e n t e r o c o l i t i c a  NCTC 10460 P r o t .  m i r a b i l i s
Y. e n t e r o c o l i t i c a  NCTC 10598 RM b a c te riu m
Y. p s e u d o tu b e rc u lo s is S. typhim urium
E. c lo a c a e S. f l e x n e r i
E. a lk a le s c e n s S. so n n e i
The b ro th  m edia s tu d ie d  w e re :-
B ra in  H e a r t In fu s io n  b ro th  (BHI) S e le n i te  c y s t in e  b ro th  (SC)
GN b r o th  (&N) S e le n i te  F b ro th  (SF)
P hosphate  b u f fe re d  s a l i n e  (PS) W auters* b ro th  (WB)
Growth a t  30°C. O vern ig h t b ro th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  were
d i l u te d  t o  an  e s t im a te d  3 x  10^  o rgan ism s/m l and in o c u la te d  ( 0 .0 6  m l) i n to  
100 ml o f  each  o f  th e  en rich m en t m ed ia , e x c e p t p h o sp h a te  b u f f e r e d  s a l i n e ,  
and in c u b a te d  a t  30°C f o r  48 h .  S u rfa c e  co lony  co u n ts  ( s e e  page 82 ) 
were c a r r i e d  o u t a f t e r  0 , 6 ,  24 and 48  h in c u b a t io n  and  a l s o  a f t e r  72 h 
in c u b a t io n  w here th e  o rgan ism s had shown l i t t l e  o r  no grow th a f t e r  24 o r  
48 h .
o o
Growth a t  22 and 4  C. Y e r s in ia  e n t e r o c o l i t i c a  s e ro ty p e s  0 :3  and  0 :9  
w ere a l s o  in o c u la te d  i n t o  f u r t h e r  d u p l i c a te  100 ml volum es o f  a l l  th e  
b ro th  m edia in c lu d in g  p h o sp h a te  b u f f e r e d  s a l i n e .  One r e p l i c a t e  was 
in c u b a te d  a t  22°C and co lony  c o u n ts  ( s e e  page 82 ) c a r r i e d  ou t a f t e r  0 ,  6 , 
14 , 1 8 , 2 4 , 30 and 48  h .  The second r e p l i c a t e  was in c u b a te d  a t  4°C and  
co lo n y  c o u n ts  ( s e e  page 82 ) c a r r i e d  o u t a f t e r  0 , 1 ,  2 , 3 , 9 and  13 d a y s .
i i .  Growth o f  Y e r s in ia  s p p . from  a m inim al inoculum  in  f i v e  b ro th  m edia
o o
in c u b a te d  a t  30 and  22 C
Y. e n t e r o c o l i t i c a  NCTC 10460 
Y. e n t e r o c o l i t i c a  NCTC 10398 
Y. p s e u d o tu b e rc u lo s is
S e le n i te  F b r o th  (SF) 
W auters* b r o th  (WB)
O vern ig h t b r o th  c u l tu r e s  o f th e  t e s t  s t r a i n s  w ere d i l u t e d  t o  an
e s t im a te d  100 c e l l s /m l  ( s e e  p a g e 82 )•  A d d itio n a l d i l u t i o n s  o f  1 :1 0 ,
1 : 2 , 1 : 2 , 1 : 2 , 1 :2  w ere p re p a re d  to  g iv e  a  ra n g e  o f  a p p ro x im a te ly  <1-10
c e l l s /m l  and 1 ml o f  each  in o c u la te d  i n to  each o f  te n  tu b e s  c o n ta in in g
o o
3 ml o f  th e  b ro th  m ed ia . The b ro th  media were in c u b a te d  a t  30 and 22 C 
f o r  48  h .
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9
The m edia s tu d ie d  w e re :-
B ra in  H e a rt I n fu s io n  b ro th  (BHI)
GN b ro th  (GN)
S e le n i te  c y s t in e  b ro th  (SC)
e) Evaluation of two additional broth media
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0
The b ro th  m edia s tu d ie d  w e re :-  
B u ffe re d  p ep to n e  w a te r  (BP) Supplem ented p h o sp h a te  b u f f e r  (s )
Growth a t  30°» 22° and 4°C
O vern igh t BHI b ro th  c u l tu r e s  o f th e  t e s t  s t r a i n s  were d i l u t e d  to  
an  e s t im a te d  3 x  10^  o rgan ism s/m l ( s e e  page 82 ) and  0 .0 6  ml o f  each 
in o c u la te d  s e p a r a t e ly  i n t o  t r i p l i c a t e  100 ml volum es o f th e  b r o th  m edia. 
R e p l ic a te s  w ere in c u b a te d  a t  30° and 22°C f o r  48  h and  co lo n y  c o u n ts
(s e e  page 82 ) c a r r i e d  o u t a f t e r  6 , 1 8 , 24 and  48 h . The t h i r d  r e p l i c a t e
o N
was in c u b a te d  a t  4  C f o r  13 days and s u r f a c e  co lo n y  c o u n ts  ( s e e  page 82 )
c a r r i e d  o u t a f t e r  1 ,  2 ,  5 ,  9 and  13 d ay s .
i i .  Growth from  a  m inim al inoculum
O v ern ig h t BHI b ro th  c u l tu r e s  o f th e  t e s t  s t r a i n s  w ere d i l u t e d  to  
a p p ro x im a te ly  100 c e l l s /m l  ( s e e  page 82 )„ A d d it io n a l  d i l u t i o n s  o f  1 :1 0 ,  
1 :2 ,  1 : 2 , 1 : 2 ,  1 :2  were p re p a re d  to  g iv e  a  range  o f  a p p ro x im a te ly  <1-10 
c e l l s /m l  and  1 ml o f  e ac h  in o c u la te d  in to  each  o f  te n  tu b e s  c o n ta in in g  
5 ml o f  th e  b ro th  m edia. The media w ere in c u b a te d  a t  30°C f o r  48  h .
d) E v a lu a tio n  o f  b a tc h  to  b a tc h  v a r i a t i o n  and  e f f e c t  o f  s to r a g e  o f  
b ro th  media on th e  re c o v e ry  o f  Y. e n t e r o c o l i t i c a
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0
The b ro th  m edia s tu d ie d  a re  shown in  T ab le  1 9 .
Broth media eva luated  f o r  b a t 
storage on the  reco ve iy  o f Y .
ch to  batch v a r ia t io n  
e n te r o c o lit ic a .
and e f fe c t  o f
Broth medium 
and e x p e r i­
ment code
Media
production
batch
number
M anufacturer 
and code 
number
Storage tim e in  
la b o ra to ry  a f t e r  
p re p a ra tio n  
• (months)
A 3702 D ifc o  669679 7
B 5775 D ifc o  671085 4
B ra in C NA D ifc o  632733 <1
H eart D NA D ifco  671085 <1
In fu s io n E NA D ifco  666140 <1
F NA D ifco  673252 <1
G NA D ifco  669679 <1
B ra in
H eart
In fu s io n
A NA Oxoid 27134 <1
A 869 D ifco  643400 22
B 1951 D ifco  654514 10
GN C 346 D ifc o  654514 1
b ro th D NA D ifc o  631023 <1
E NA D ifco  654514 <1
F NA D ifc o  663943 <1
A 1466 NA 10
B u ffe red B 4375 NA 5
peptone C 4804 NA 5
w ater D 5662 NA 3
E 7100 NA 1
NA = n o t a p p l i c a b l e .
A f te r  p r e p a r a t io n  th e  b r o th  media w ere s to r e d  a t  room te m p e ra tu re  
u n t i l  r e q u i r e d .
O v ern ig h t b ro th  c u l tu r e s  o f th e  t e s t  s t r a i n s  were d i l u t e d  t o  an  
e s t im a te d  3 x 1 0 ^ "  o rgan ism s/m l and 0 .0 6  ml o f  each in o c u la te d  s e p a r a t e ly  
i n t o  100 ml o f  th e  b ro th  m ed ia , in c u b a te d  a t  30°C f o r  48  h and  s u r f a c e  
co lo n y  co u n ts  (se e  page 82 *) c a r r i e d  o u t a f t e r  6 ,1 8 , 24  and 48  h .
3* Investigations with a view to formulating a new medium
a )  I n v e s t ig a t io n s  t o  d e te rm in e  a n t a g o n is t i c  e f f e c t s  am ongst th e  
r e f e r e n c e  s t r a i n s
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  E. c o l i  QC 21043/75
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0 H. a l v e i
Y. e n t e r o c o l i t i c a  s e ro ty p e  0: 9 K. ae ro g e n es
Y. e n t e r o c o l i t i c a  NCTC 10460 RM b a c te r iu m
Y. e n t e r o c o l i t i c a  NCTC 10598 S. typhim urium
Y. p s e u d o tu b e rc u lo s is S. f l e x n e r i
E. c lo a c a e S. so n n e i
E. a lk a le s c e n s
i* A ntagonism  in  m ixed l i v e  c u l tu r e s
S ix  h o u r B ra in  H e a rt In fu s io n  (BHI) b ro th  c u l tu r e s  o f  th e  t e s t
s t r a i n s  w ere eac h  f lo o d e d  on to  th e  s u r f a c e  o f  in d iv id u a l  BHI a g a r  p l a t e s .
The s u rp lu s  c u l tu r e  was removed w ith  a  p i p e t t e  an d  th e  s u r f a c e  o f  th e
p l a t e  a llo w ed  t o  d ry  f o r ■-g-*1 h .  O vern igh t BHI c u l tu r e s  o f  each  o f  th e
t e s t  s t r a i n s  w ere th e n  s p o t te d  on to  th e  s u r f a c e  o f  th e  in o c u la te d  p l a t e s
u s in g  a  m u l t ip le  lo o p  te c h n iq u e  s im i l a r  to  t h a t  u sed  f o r  phage ty p in g .
o
The doub le  in o c u la te d  BHI p l a t e s  were th e n  in c u b a te d  a t  30 C o v e rn ig h t .
i i .  Antagonism  by  e n d -p ro d u c ts  o f  grow th
O v ern ig h t BHI b ro th  c u l tu r e s  o f th e  t e s t  s t r a i n s  w ere in o c u la te d  
in  a  s in g le  s t r e a k  a c ro s s  th e  d ia m e te r  o f  BHI a g a r  and d e o x y c h o la te  
c i t r a t e  su c ro se  a g a r  (DCSA) p l a t e s .  A f te r  in c u b a tio n  a t  30°C f o r  48 h 
th e  grow th was exposed t o  ch lo ro fo rm  v ap o u r f o r  30 m in. The c u l tu r e  
was s c ra p e d  o f f  th e  p l a t e  u s in g  a  m icroscope  s l i d e  and  th e  p l a t e s  r e ­
exposed to  ch lo ro fo rm  f o r  a  f u r t h e r  30 m in. The s u r fa c e  o f  th e  a g a r  
was th e n  exposed to  t h e  a i r  f o r  1 h  to  a llo w  th e  ch lo ro fo rm  v ap o u r to  
d is p e r s e .  O v e rn i^ it  BHI b ro th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  w ere 
s t r e a k e d  a c ro s s  th e  p la t e s  a t  r i g h t  a n g le s  to  th e  o r ig i n a l  grow th l i n e  
and in c u b a te d  a t  30°C f o r  24 h .  G lass p e t r i  d is h e s  w ere u se d  f o r  t h i s  
work b e c a u se  th e  p l a s t i c  v a r i e ty  a re  d is s o lv e d  by c h lo ro fo rm .
b) The e f f e c t  o f  dyes and o th e r  ch em ica ls  on th e  grow th o f  Y e rs in ia  
sp p . and o th e r  o rgan ism s
i*  E f f e c t  o f  dyes and  o th e r  a g e n ts  in c o rp o ra te d  in to  B ra in  H ea rt 
I n f u s io n  a g a r  and GN a g a r
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  
E . a lk a le s c e n s  
H. a l v e i
The su p p lem en ta ry  s t r a i n s  s tu d ie d  w e re :-
P r o t .  m o rg an ii 
P r o t .  r e t t g e r i
The dyes s tu d ie d  w ere: -
P r o t .  m i r a b i l i s  
S . typhim urium  
S. f l e x n e r i
B r i l l i a n t  g re e n  
C ry s ta l  v i o l e t  
E u f la v in e
E a s t g reen  
M a lac h ite  g reen  
Metachrome y e llo w
The ch em ica l a g e n ts  s tu d ie d  w e re :-
P o tass iu m  chrom ateAmmonium c h lo r id e  
Ammonium o x a la te  
C a ffe in e  c i t r a t e  
Calcium  c h lo r id e  
C e trim id e  
C h lo ra l h y d ra te  
Lead a c e t a t e
P o tass iu m  perm anganate 
Sodium a z id e  
Sodium b o ra te  
Sodium c i t r a t e ,  t r i  
Sodium d eo x y ch o la te  
Sodium la u r y l  s u lp h a te
P r o t .  v u lg a r i s  
P ro v id e n c ia  s&
M ethylene b lu e  
M ethyl r e d  
T a r t r a z in e
Sodium p h o sp h a te  
Sodium ta u ro c h o la te  
S u lp h o s a l ic y c l ic  a c id  
T annic a c id  
Teepol 610 
T e r g i to l  7 
Tween 80
S t e r i l e  s o lu t io n s  o f  a l l  th e  dyes and ch em ica ls  w ere p re p a re d  by
o
d is s o lv in g  in  d i s t i l l e d  w a te r  and  s t e r i l i z i n g  f o r  10 min a t  115 C.
G ram -negative  a g a r  (GN a g a r )  was p re p a re d  by ad d in g  1 .2% pow dered 
a g a r  t o  d i s t i l l e d  w a te r  c o n ta in in g  d e h y d ra te d  GN b r o th  pow der and  th e  
medium s t e r i l i z e d  a c c o rd in g  to  th e  m a n u fa c tu re r 's  i n s t r u c t i o n s .
To 100 ml q u a n t i t i e s  o f  m olten  B ra in  H e a rt In fu s io n  a g a r  an d  GN 
a g a r  was added  a s e p t i c a l l y  1 ml o f  each  o f  th e  s u b s t r a t e s  to  g iv e  a  
f i n a l  c o n c e n tr a t io n  o f  0 .0 1 ^ .  The a g a rs  w ere p o u red  in t o  p e t r i  d is h e s
and a llo w e d  to  s e t  b e fo re  d ry in g  open and in v e r t e d  a t  37°C f o r  1 h .
6-
S ix  h o u r  BHI b ro th  c u l tu r e s  o f each  o f  th e  t e s t  s t r a i n s  w ere 
s tr e a k e d  a c ro s s  th e  s u r f a c e  o f  th e  a g a rs  ( f o u r  s t r a i n s  on each  p l a t e )
o _
w hich w ere in c u b a te d  a t  30 C f o r  48 h . R e s is ta n t  o rgan ism s grew 
h e a v i ly  r i g h t  a c ro s s  th e  s t r e a k ,  s e n s i t i v e  organ ism s d id  n o t grow 
and in h i b i t e d  s t r a i n s  w ere re c o rd e d  when grow th was heavy a t  th e  s i t e  
o f  o r i g i n a l  inoculum  b u t was red u ce d  t o  in d iv id u a l  c o lo n ie s  w ith in  one 
cm.
i i .  E f f e c t  o f  dyes and o th e r  a g e n ts  in c o rp o ra te d  a s  a  g r a d ie n t  in  
d e o x y c h o la te  c i t r a t e  su c ro se  a g a r
The r e f e r e n c e  s t r a i n s  studied w ere :~
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  
Y. p s e u d o tu b e rc u lo s is  
E . c lo a c a e  
E. a lk a le s c e n s
The su p p lem en ta ry  s t r a i n s  s tu d ie d  w e re :-
P r o t .  m o rg an ii 
P r o t .  r e t t g e r i  
P r o t .  v u lg a r i s
The dyes s tu d ie d  w e re :-  
A cid fu c h s in
A lpha f a s t  b r i l l i a n t  p in k  
Ac r  i f  l a  v in e  
B as ic  f u c h s in  
B r i l l i a n t  b lu e  
B r i l l i a n t  g reen  
C r y s ta l  v i o l e t  
E u f la v in e  
M a lac h ite  g reen
P ro v id e n c ia  sp# 
P s . a e ru g in o sa
M ethyl o range 
M ethyl v i o l e t  
N e u tra l r e d  
S a f ra n in  0 
T h ia z in e  r e d  
T o lu id in e  b lu e  0 
V ic to r ia  b lu e  
W ater b lu e
E. c o l i  QC 21043/75 
H. a l v e i  
K. ae ro g en es  
P r o t .  m i r a b i l i s  
S . typhim urium
P o tassium  perm anganate  
Sodium a z id e  
Sodium brom ide 
Sodium hexam etaphosphate  
Sodium p y ru v a te  
Sodium s u lp h i t e  
Thymol 
T r i to n  X100 
V a n i l l in  
Z inc a c e ta t e
S t e r i l e  1$  s o lu t io n s  o f  a l l  t h e  dyes and  chem ica ls  w ere p re p a re d  by 
d i s s o lv in g  i n  d i s t i l l e d  w a te r  and s t e r i l i z i n g  f o r  10 min a t  115°C .
The s t e r i l e  s o lu t io n s  were added  (0 .5  a s e p t i c a l l y  t o  50 ml 
m o lten  d e o x y c h o la te  c i t r a t e  su c ro se  a g a r .  The a g a r  was p o u red  in to  
p l a s t i c  p e t r i  d is h e s  w hich had  been  propped  up on one s id e  so t h a t  th e  
a g a r  form ed a  p e r f e c t  wedge and was th e n  l e f t  u n d is tu rb e d  t o  s e t .  The 
p l a t e s  w ere r e tu r n e d  to  th e  f l a t  p o s i t i o n  and more m o lten  d e o x y c h o la te  
c i t r a t e  s u c ro s e  a g a r  w ith o u t any  a d d i t io n s  was poured  in  u n t i l  th e  
s u r f a c e  o f  th e  a g a r  was l e v e l .  The p l a t e s  w ere a llo w ed  to  s e t  and  th e n  
d r ie d  open and in v e r t e d  a t  57°C f o r  1 h .
S ix  h BHI b r o th  c u l tu r e s  o f  each  o f  th e  t e s t  s t r a i n s  w ere in o c u la te d
a s  s in g l e  s t r e a k s  a c ro s s  th e  s u r f a c e  o f  th e  p l a t e s  b e g in n in g  from  th e  
s id e  c o n ta in in g  th e  l e a s t  am ount o f th e  t e s t  s u b s t r a t e .  F our s t r a i n s  
w ere p la c e d  on each  p l a t e  which were in c u b a te d  a t  30°C f o r  48  h .  The 
d is ta n c e  which th e  t e s t  s t r a i n  grew a lo n g  th e  inoculum  s t r e a k  in d i c a te d  
th e  d eg ree  o f  s e n s i t i v i t y  t o  th e  t e s t  a g e n t and was re c o rd e d  a s  f o l l o w s : -
1 = 25$  o f  th e  le n g th  o f  th e  inoculum  s t r e a k ,  2 = 50$ , 3 = 75$ and  4  =
grow th a lo n g  th e  e n t i r e  le n g th  o f  th e  inocu lum .
The chemical agents studied were:-
A m in o -a c e tan ilid e  h yd ro ch lo rid e
Ammonium o x a la te
B arb itone
Cobaltous su lphate  
Io d in e  (G-rams)
L ith iu m  c h lo r id e  
Her euro chrome 
Fhenol
Potassium c h lo r id e  
Potassium io d id e
c )  F u r th e r  s tu d ie s  on th e  e f f e c t  o f  m a la c h i te  g reen  on th e  grow th o f  
Y. e n t e r o c o l i t i c a  and o th e r  organ ism s
The e f f e c t  o f v a ry in g  c o n c e n tra t io n s  o f  m a la c h i te  g reen  in c o rp o ra te d  
in t o  d eo x y ch o la te  c i t r a t e  su c ro se  ag a r
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  
Y. p s e u d o tu b e rc u lo s is  
E . c lo a c a e  
E. a lk a le s c e n s
The su p p lem en ta ry  s t r a i n s  s tu d ie d  w e re : -  
P r o t .  m o rg a n ii 
P r o t .  r e t t g e r i  
P r o t .  v u lg a r i s
E . c o l i  QC 21043/75 
H. a l v e i  
K. ae ro g e n es  
P r o t .  m i r a b i l i s  
S . typhim urium
P ro v id e n c ia  sp, 
P s . a e ru g in o sa
D eoxycho la te  c i t r a t e  su c ro se  a g a r  (DCSA) was p re p a re d  and  w h i l s t  s t i l l
m o lten  s t e r i l e  1$  m a la c h i te  g reen  was added to  g iv e  f i n a l  c o n c e n tr a t io n s  o f
0 .0 0 2 $ , 0 .004$* 0 .0 0 6 $ , 0 .0 0 8 $  and 0 .0 1 $ . P la te s  were p o u re d , a llo w e d  to
o
s e t  and d r ie d  open and  in v e r t e d  a t  37 C f o r  1 h .  S u rfa c e  c o lo n y  co u n ts  
( s e e  page 82 ) w ere c a r r i e d  o u t on 6 h BHI b ro th  c u l tu r e s  o f  t h e  t e s t  
s t r a i n s  u s in g  th e  DCSA p lu s  m a la c h i te  g reen  p l a t e s  and  a l s o  a  no rm al DCSA 
p l a t e .  The p l a t e s  w ere in c u b a te d  a t  30°C f o r  48  h .
i i .  I d e n t i f i c a t i o n  o f  th e  a g en t com bining w ith  m a la c h ite  g reen  t o  enhance 
i n h i b i t i o n
The r e f e r e n c e  s t r a i n s  s tu d ie d  w e re :-
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :9  
Y. p s e u d o tu b e rc u lo s is  
E . c lo a c a e  
E . a lk a le s c e n s
E. c o l i  QC 21043/75  
H. a l v e i  
K. ae ro g e n e s  
P r o t .  m i r a b i l i3  
S. typhim urium
The supplementary strains studied were:-
P r o t .  m o rg an ii P rov idene i a  sp,
P r o t .  r e t t g e r i  P s . a e ru g in o sa
P r o t .  v u lg a r i s
F our b a tc h e s  o f d eo x y ch o la te  c i t r a t e  s u c ro s e  a g a r  b a se  were m e lte d , 
a llo w e d  to  c o o l to  60 C and  th e  r e a c t io n  a d ju s te d  to  pH 7 .5 .  To b a tc h
1 was added s o lu t io n s  A and B a s  no rm al; t o  b a tc h  2 ,  0 .0 0 4 $  m a la c h ite
g re e n ; t o  b a tc h  3 s o lu t io n  A and  0 .0 0 4 $  m a la c h i te  g re e n ; to  b a tc h  4* 
s o lu t io n  B and 0 .0 0 4 $  m a la c h ite  g re e n . P la te s  w ere p o u red , a llo w e d  t o  
s e t  and d r ie d  open and  in v e r t e d  a t  37°C f o r  1 h . S u rfa c e  co lony  
c o u n ts  ( s e e  p ag e  82) o f  6 h  BHI b r o th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  w ere
c a r r i e d  o u t on th e  f o u r  b a tc h e s  o f  a g a r  m edia and th e  p l a t e s  in c u b a te d
a t  30°C f o r  48  h .
i i i .  D e te rm in a tio n  o f th e  ran g e  o f th e  i n h i b i t o r y  p ro p e r ty  o f  m a la c h ite
g reen /so d iu m  d e o x y c h o la te  m ix tu re
The s t r a i n s  s tu d ie d  w e re : -
Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :3  P r o t .  r e t t g e r i  (su p p lem en ta ry
l i s t )
D eoxycho la te  c i t r a t e  s u c ro s e  a g a r  b a se  was m e lte d , th e  r e a c t io n  
a d ju s te d  t o  pH 7*5 and th e  s ta n d a rd  q u a n t i ty  o f  s o lu t io n  A ad d ed . The 
a g a r  was d i s t r i b u t e d  in to  120 l o t s  o f 100 ml e a c h . To each o f  t e n  
b o t t l e s  was added  t h e  fo l lo w in g  am ounts o f  sodium  d eo x y ch o la te  -  s o lu t io n
B, 0 .2 5 ,  0 .5 ,  0 .7 5 ,  1 .0 ,  1 .2 5 ,  1 .5 0 ,  1 .7 5 ,  2 .0 ,  2 .2 5 ,  2 .5 0 ,  2 .7 5 ,  3 .0  m l.
To one b o t t l e  o n ly  o f  each  o f  th e  above b a tc h e s  o f  d e o x y c h o la te  c i t r a t e  
su c ro se  a g a r  was added th e  fo llo w in g  q u a n t i t i e s  o f  1$  m a la c h i te  g re e n  -  
0 .1 ,  0 .2 ,  0 .3 ,  0 .4 ,  0 .5 ,  0 .6 ,  0 .7 ,.  0 .8 ,  0 .9 ,  1*0 ml to  g iv e  f i n a l  con­
c e n t r a t i o n  $  o f  0 .0 0 1 , 0 .0 0 2 , 0 .0 0 3 , 0 .0 0 4 , 0 . 005 ,  0 . 0 0 6 , 0 .0 0 7 ,  0 .0 0 8 , 
0 .0 0 9 , 0 .0 1 •  P la te s  w ere p o u re d , a llo w ed  to  s e t  and d r i e d  open  and
in v e r te d  a t  37° C f o r  1 h .  S u rface  co lo n y  co u n ts  ( s e e  page 82 ) o f  6 h
BHI b ro th  c u l tu r e s  o f  th e  t e s t  s t r a i n s  were c a r r i e d  o u t on each  o f  th e  
a g a r  m edia. The p la t e s  w ere in c u b a te d  a t  30°C f o r  48 h .
A f te r  p r e p a r a t io n  and b e fo re  u se  th e  c o lo u r  o f  each o f  th e  a g a r  
p l a t e s  was re c o rd e d  and th e  pH d e te rm in e d  u s in g  a  f l a t  bed  e l e c t r o d e .
R e s u lts
1• Evaluation of agar media
a ) C o lo n ia l c h a r a c t e r i s t i c s  o f  Y. e n t e r o c o l i t i c a  and  o th e r  e n te r o -
b a c t e r i a
The m a jo r c o lo n ia l  c h a r a c t e r i s t i c s  o f  th e  r e f e r e n c e  s t r a i n s  on 
some e n t e r i c  a g a r  m edia a r e  shown in  T ab les  20 to  23* The c o lo n ia l  
c h a r a c t e r i s t i c s  o f  f o u r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  on s i x  a g a r  m edia 
a r e  shown i n  P la t e s  2 to  7 .  A l l  s i x  o f th e  Y e rs in ia  r e f e r e n c e  s t r a i n s  
f a i l e d  to  grow on th io s u lp h a te  c i t r a t e  b i l e  s a l t  a g a r  (TCBS).
I n  g e n e ra l  a l l  th e  r e f e r e n c e  s t r a i n s  grew i n  a  r e g u la r  shape w ith  
an  e n t i r e  ed ge . Any n o ta b le  e x c e p tio n s  a re  m en tioned  i n  th e  fo l lo w in g  
re s u lts©
B ism uth s u lp h i t e  (BS) a g a r . The c o lo n ia l  c h a r a c t e r i s t i c s  o f  th e  r e f ­
e re n c e  s t r a i n s  on f o u r  b ra n d s  o f  BS a g a r  a r e  shown in  T ab le  2 0 . The 
grow th  o f  th e  Y e rs in ia  s t r a i n s  was v e ry  p o o r on a l l  th e  b ra n d s  and  th e  
l a r g e s t  c o lo n ie s  w ere on ly  1 mm d ia m e te r .  Lab M b ran d  (B4) was th e  
o n ly  one on which a l l  s i x  s t r a in s  grew . Y e rs in ia  e n t e r o c o l i t i c a  0 :9  
f a i l e d  to  grow on Oxoid (B 1 ), Y. p s e u d o tu b e rc u lo s is  f a i l e d  to  grow on 
D ifco  (B2) and n e i t h e r  Y. e n t e r o c o l i t i c a  0 :3  n o r  Y. p s e u d o tu b e rc u lo s is  
grew on BBL (B 3 ). The c o lo n ie s  o f  th e  Y e rs in ia  sp p . w ere g e n e r a l ly  a  
b ro w n /g reen  c o lo u r  and d id  n o t b la c k e n  th e  a g a r  o r  have a  m e ta l l i c  
sh e e n .
YThere th e y  grew th e  c o lo n ie s  o f  th e  o th e r  r e f e r e n c e  s t r a i n s  w ere 
l a r g e r  (up  to  2 mm d ia m e te r)  and many w ere a ls o  b ro w n /g reen  i n  c o lo u r .  
S a lm o n e lla  typhim urium  p roduced  t y p i c a l  c o lo n ie s  w ith  b la c k e n in g  o f  th e  
a g a r  and  a  m e ta l l i c  sh e e n . A s l i g h t  m e ta l l i c  sheen  was a l s o  p ro d u ced  
by  E . c lo a c a e  on B3 and BA and by P r o t .  m i r a b i l i s  on B1 and B2.
B r i l l i a n t  g re e n  a g a r  (BG-) .  Y e r s in ia  e n t e r o c o l i t i c a  NCTC 104^0 and  
NCTC 10598 d id  n o t  grow on t h i s  medium (T a b le  2 1 ) .  Y e r s in ia  e n te r o ­
c o l i t i c a  s e ro ty p e s  0 :3 ,  0 :6 ,3 0  and 0 :9  w hich fe rm e n ted  s u c ro s e  p rod u ced  
g re e n  c o lo n ie s  and Y. p s e u d o tu b e rc u lo s is  w hich was su c ro se  n e g a t iv e  
p ro d u ced  a  p in k  c o lo n y .
E s c h e r ic h ia  a l k a le s c e n s , E. c o l i  QC 2 1 0 43 /75 , H. a l v e i , RM b a c te riu m , 
and  th e  S h ig e l la  sp p . f a i l e d  to  grow on t h i s  medium. The c o lo n ie s  o f
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E. c lo a c a e  and  K. ae ro g e n e s  w ere l a r g e r  th a n  th o s e  o f  th e  Y e rs in ia  s p p . ,  
b e in g  3 and 6 mm d ia m e te r  r e s p e c t iv e ly ,b u t  were a l s o  g re e n . S a lm onella  
typhim urium  was s im i l a r  in  s i z e ,  c o lo u r  and  e le v a t io n  t o  Y. p se u d o tu b e r"  
c u lo s i s  and P r o t .  m i r a b i l i s  c o lo n ie s  swarmed o v er th e  a g a r .
D eoxychola te  c i t r a t e  a g a r  (DCA) .  The d e t a i l e d  c o l o n ia l . c h a r a c t e r ­
i s t i c s  o f  th e  r e f e r e n c e  s t r a i n s  on t h i s  medium w ere n o t re c o rd e d  b u t 
P la t e  2 shows th e  c o lo n ia l  v a r i a t i o n s  o f  f o u r  s t r a i n s  o f  Y. e n te ro ­
c o l i t i c a . A ll th e  s t r a i n s  p roduced  sm ooth, r e g u la r  shaped  c o lo n ie s  
w ith  an  e n t i r e  e d g e . S e ro ty p e s  0 :3  and 0:5>27 (Y4 6 ) w ere o f  low  convex 
e l e v a t io n  b u t  s e ro ty p e  0 :6 ,3 0  (Y63) was f l a t t e r  and more e f f u s e .  The 
c o lo n ie s  o f  a l l  th r e e  s t r a i n s  which d id  n o t fe rm e n t l a c to s e  w ere sem i- 
t r a n s l u c e n t  and  c o l o u r l e s s .  S e ro ty p e  0 :8  (Y136) w hich fe rm e n te d  
l a c to s e  p ro d u ced  r a i s e d  c o lo n ie s  w hich w ere more opaque and  p a l e  p in k .
D eoxychola te  c i t r a t e  su c ro se  a g a r  (DCSA). W ith th e  e x c e p tio n  o f  Y. 
e n t e r o c o l i t i c a  NCTC 10460 w hich was <1 mm d ia m e te r  a l l  th e  Y e r s in ia  sp p . 
grew 1 -3  mm d ia m e te r  i r r e g u l a r  shaped p in k  ( s u c ro s e  a n d /o r  l a c to s e  
fe rm e n tin g )  c o lo n ie s  (T ab le  2 1 ) .
Only E. c lo a c a e , E. c o l i  QC 21043/75> K. a e ro g e n e s . and S . so n n e i 
p roduced  s im i l a r  p in k  c o lo n ie s  b u t th e s e  w ere g e n e r a l ly  s m a l le r ,  1 -2  mm, 
w ith  th e  e x c e p tio n  o f  E . c lo a c a e  w hich was 1 -4  mm d ia m e te r .  A ll  th e  
o th e r  s t r a i n s  p roduced  c o lo u r le s s  c o lo n ie s .
P la t e  3 i l l u s t r a t e s  th e  c o lo n ia l  v a r i a t io n s  o f  f o u r  Y. e n te r o ­
c o l i t i c a  s t r a i n s  on DCSA. Each o f  th e  s t r a i n s  grew a s  i r r e g u l a r  sh ap ed , 
p a le  p in k  c o lo n ie s  ( s u c ro s e  a n d /o r  l a c to s e  fe rm e n ta t io n )  and s e ro ty p e  0 :8  
(Y136) had  a  m arked c r a t e r - l i k e  s u r f a c e .
E o s in  m ethy lene  b lu e  a g a r  (EMB) .  The c o lo n ie s  o f  Y e r s in ia  sp p . v a r ie d  
from  1 -3  mm d ia m e te r  and Y. e n t e r o c o l i t i c a  NCTC 10460 and  10598 p ro d u ced  
p in k  c o lo n ie s  w hereas th e  o th e r  Y e r s in ia  s t r a i n s  w ere a  d e f i n i t e  mauve 
(T ab le  2 1 ) .
The c o lo n ie s  o f th e  o th e r  r e f e r e n c e  s t r a i n s  a l s o  grew t o  1 -3  mm 
d ia m e te r  w ith  th e  e x c e p tio n  o f  E. c lo a c a e  w hich was from  2 -8  mm d ia m e te r .  
E s c h e r ic h ia  a l k a le s c e n s , E. c o l i , H. a l v e i , K. a e ro g e n e s , S . typhim urium  
and  S . so n n e i a l s o  p roduced  p in k  c o lo n ie s  ( E. c o l i  had  a  m e ta l l i c  sh een ) 
and  w ere u s u a l ly  o f  a  low convex e l e v a t io n .
H ektoen  e n t e r ic  a g a r  (HEK) . ‘ The Y e r s in ia  s t r a i n s  w ith  th e  e x c e p tio n  o f  
Y. p s e u d o tu b e rc u lo s is  p roduced  o ra n g e , su c ro se  fe rm e n tin g  c o lo n ie s  1 -3  nun
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P l a t e  2.  C o l o n i a l  v a r i a t i o n s  o f  f o u r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  on
deoxycholate citrate agar
Plate 3. Colonial variations of four strains of Y.enterocolitica on 
deoxycholate citrate sucrose agar
P l a t e s  2 and 3.  a = s e r o t y p e  0 : 3 ;  b = s e r o t y p e  0 : 5 , 2 7  (Y46) ;
c = s e r o t y p e  0 : 6 , 3 0  ( Y 6 3 ) ; d = s e r o t y p e  0 : 8  (Y 136) .
d ia m e te r  (T ab le  2 2 ) .  Y e r s in ia  p s e u d o tu b e rc u lo s is  b e in g  su c ro se  
n e g a t iv e  was g reen  i n  c o lo u r .  The e le v a t io n  o f th e  Y e rs in ia  s t r a i n s  
was r a i s e d  o r  domed.
The o th e r  r e f e r e n c e  s t r a i n s  w ere s l i g h t l y  l a r g e r ,  1 -4  mm d ia m e te r  
and o n ly  E. c lo a c a e , E . c o l i  and K. ae ro g e n es  fe rm e n te d  s u c ro s e  and 
p rod u ced  o ran g e  c o lo n ie s  b u t  th e s e  o rganism s w ere , how ever, s im i la r  in  
e le v a t io n  to  th e  Y e rs in ia  s p p . The rem a in in g  s t r a i n s  p roduced  g reen  
c o lo n ie s  and  w ere o f  low  convex e l e v a t io n .
L ac to se  s u c ro s e  u re a  a g a r  (LSU) .  The f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  
produced  c rea m /g ree n  c o lo n ie s  from  l a c to s e  a n d /o r  su c ro se  f e rm e n ta t io n  
and  w ere o f  domed e le v a t io n  and  Y. p s e u d o tu b e rc u lo s is  p roduced  a  p in k  low 
convex co lo n y  (T ab le  2 2 ) ,  A l l  s i x  s t r a i n s  were a p p ro x im a te ly  2 -3  nm* 
d ia m e te r  an d  th e  u n d e r ly in g  a g a r  was p in k .  O lder c u l tu r e s  were 
su rro u n d ed  by  a  v e ry  narrow  zone, o f  pink, i n  th e  a g a r  (u re a s e  p ro d u c tio n )*  
The Y. e n t e r o c o l i t i c a  s t r a i n s  a l s o  had a  c h a r a c t e r i s t i c  s t r o n g  sw eet and 
so u r  s m e l l .
The o th e r  r e f e r e n c e  s t r a i n s  v a r ie d  from  1 -2  mm d ia m e te r  and a l l  b u t 
H. a l v e i , RM b a c te r iu m  and S . typhim urium  (w hich w ere p in k )  p roduced  
v a r i a t i o n s  o f  cream , g reen  and w h ite  c o lo n ie s  which w ere g e n e r a l ly  n o t 
domed. P ro te u s  m i r a b i l i s  and  RM b a c te riu m  a l s o  p roduced  a  p in k  zone in  
th e  a g a r  round  th e  c o lo n ie s  b u t th e  zone round  P ro te u s  sp, sp re a d  f a r  
in to  th e  a g a r  e v e n tu a l ly  a f f e c t i n g  th e  whole p l a t e .
P la te  4  shows th e  c o lo n ia l  v a r i a t io n s  o f  f o u r  Y. e n t e r o c o l i t i c a  
s t r a i n s  on LSU. T here was a  s l i g h t  v a r i a t i o n  i n  co lo n y  s iz e  b u t a l l  th e  
s t r a i n s  w ere sm ooth, domed, more opaque in  th e  c e n t r e  th a n  on th e  p e r i ­
p h e ry  and had  a  s o f t  b u ty r ic u s  a p p e a ra n c e . S e ro ty p e  0 :8  (Y136) was 
s l i g h t l y  more opaque a t  th e  c e n tre  th a n  th e  o th e r  s t r a i n s  b ecau se  o f  
la c to s e  and su c ro se  f e rm e n ta t io n .  A ll  had  th e  c h a r a c t e r i s t i c  s m e ll .
The p in k  c o lo u ra t io n  o f  th e  a g a r  i s  n o t v i s i b l e  in  t h i s  p h o to g ra p h ic  
p l a t e  b eca u se  o f  th e  l i g h t i n g  used  t o  h ig h l ig h t  th e  s u r f a c e  o f  th e  c o lo n y .
MacConkey a g a r  (MAC) .  The Y e rs in ia  sp p . had  c o lo n ie s  betw een  1 -4  mm 
d ia m e te r  and w ith  th e  e x c e p tio n  o f  Y. e n t e r o c o l i t i c a  0 :6 ,3 0  w ere c o lo u r ­
l e s s  (T ab le  2 2 ) .  Y e r s in ia  e n t e r o c o l i t i c a  0 :6 ,3 0  fe rm e n te d  l a c to s e  and  
p ro d u ced  a  p in k  c o lo n y .
The c o lo n ie s  o f  th e  o th e r  r e f e r e n c e  s t r a i n s  w ere 1 - 4  d ia m e te r  and 
a l l  were c o lo u r l e s s  e x c e p t E . c lo a c a e , E . c o l i t K. ae ro g e n es  and S. s o n n e i .
P la t e  5 shows th e  c o lo n ia l  v a r i a t io n s  o f  th e  fo u r  s t r a i n s  o f  Y. 
e n t e r o c o l i t i c a  on MAC. There was a  s l i g h t  v a r i a t i o n  in  co lo n y  s i z e ,
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P l a t e  4 .  C o l o n i a l  v a r i a t i o n s  o f  f o u r  s t r a i n s  o f  Y . e n t e r o c o l i t i c a  on
l a c t o s e  s u c r o s e  u r e a  a g a r
Plate 5. Colonial variations of four strains of Y .enterocolitica on 
MacConkey agar
P l a t e s  4 and 5 .  a = s e r o t y p e  0 : 3 ;  b = s e r o t y p e  0 : 5 , 2 7  (Y46)
c = s e r o t y p e  0 : 6 , 3 0  (Y 63) ;  d = s e r o t y p e  0 : 8  (Y1 3 6 ) .
s e ro ty p e s  0:3> 0 :5 ,2 7  (Y46) and  0 :6 ,3 0  (Y63 ) were s e m i- t r a n s lu c e n t  and 
c o lo u r le s s  and s e ro ty p e  0 :8  (Y136) was s l i g h t l y  opaque and p in k .
S a lm o n e lla -S h ig e lla  a g a r  (SS) .  Y e rs in ia  e n t e r o c o l i t i c a  0 :6 ,3 0  and 
Y. p s e u d o tu b e rc u lo s is  f a i l e d  to  grow on t h i s  medium (T ab le  2 3 ) .  The 
rem a in in g  Y e rs in ia  s t r a i n s  had  c o lo u r le s s  c o lo n ie s  o f 1 mm o r  l e s s  in  
d ia m e te r .
The c o lo n ie s  o f  th e  o th e r  r e f e r e n c e  s t r a i n s  were much l a r g e r ,  1—2 
mm and even up to  4  mm (E. c lo a c a e ) d ia m e te r . E s c h e r ic h ia  a l k a le s c e n s , 
He a l v e i , P r o te u s , S . typhim urium  and S. f l e x n e r i  a l l  had  c o lo u r le s s  
c o lo n ie s  and th e  rem a in in g  s t r a i n s  were p in k  due to  la c to s e  f e rm e n ta t io n ,  
th e  P ro te u s  c o lo n ie s  a l s o  had b la c k  c e n t r e s .  RM b a c te r iu m  d id  n o t grow.
The c o lo n ia l  v a r i a t i o n s  o f th e  fo u r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  
a r e  shown in  P la te  6 . S e ro ty p e s  0:5>27 (Y46) and 0 :6 ,3 0  (Y63) grew 
c o n s id e ra b ly  l a r g e r  th a n  s e ro ty p e  0 :3  o r  0 :8  (Y 136). The c o lo n ie s  o f  
s e ro ty p e s  0 : 5 >2 7 , 0 : 6 ,3 0  and 0 :8  w ere e f f u s e  and c o lo u r le s s  a l th o u g h  
th e r e  was a s l i g h t  p in k  t in g e  t o  s e ro ty p e  0 :5> 27 . S e ro ty p e  0 ;8  p roduced  
r a i s e d ,  opaque, b r ig h t  p in k  c o lo n ie s .
X ylose ly s in e  d eo x y ch o la te  a g a r  (XLD) .  The Y e rs in ia  s t r a i n s  had sm a ll 
y e llo w  c o lo n ie s  1-2  mm d ia m e te r  w hich i n  th e  main had  a  d raugh tsm an­
l i k e  ap p ea ran ce  (T ab le  2 3 ) .
The o th e r  r e fe re n c e  s t r a i n s  p roduced  l a r g e r  c o lo n ie s  1 -4  mm which 
w ith  th e  e x c e p tio n  o f  P ro te u s  (b la c k  c e n t r e )  and RM b a c te r iu m  w ere a l s o  
y e llo w .
D eoxy rib o n u c lease  a g a r  (DNA) .  A ll th e  r e f e r e n c e  s t r a i n s  w ere p in k  and 
d id  n o t p roduce  DNA r e a c t io n  (T ab le  2 4 ) .
Lee a g a r  (LEE) .  The c o lo n ie s  o f  th e  Y e r s in ia  r e f e r e n c e  s t r a i n s  w ere 
1 -2  mm d ia m e te r  and c o lo u r le s s  e x c e p t f o r  Y. e n t e r o c o l i t i c a  0 :6 ,3 0  w hich 
was p in k  ( l a c to s e  f e rm e n ta t io n )  (T ab le  24 ) .  Y e r s in ia  e n t e r o c o l i t i c a  0 :3  
and  0 :9  and Y. p s e u d o tu b e rc u lo s is  p roduced  r e g u la r  shaped  c o lo n ie s  w ith  
an  e n t i r e  edge and were l i p a s e  n e g a t iv e .  Y e r s in ia  e n t e r o c o l i t i c a  0 :6 ,3 0  
and  NCTC 10598 had  i r r e g u l a r  f ila m e n to u s  shaped  c o lo n ie s  and p ro d u ced  a  
p r e c i p i t a t e  in  th e  su rro u n d in g  a g a r  which was r e f l e c t i v e  to  l i g h t  on th e  
s u r fa c e  (Tween r e a c t io n  in d i c a t i n g  l i p a s e  p ro d u c t io n ) .
The o th e r  r e fe re n c e  s t r a i n s  had l a r g e r  c o lo n ie s  1 -4  i n  d ia m e te r .  
E n te ro b a c te r  c lo a c a e , E . c o l i , K. ae ro g en es  and RM b a c te r iu m  w ere a l l  
l a c to s e  fe rm e n tin g  (p in k  c o lo n ie s )  and th e  l a t t e r  p roduced  a  Tween
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P l a t e  6 .  C o l o n i a l  v a r i a t i o n s  o f  f o u r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  on
S a l m o n e l l a - S h i g e l l a  a g a r
Plate 7. Colonial variations of four strains of Y .enterocolitica on 
Lee agar
P l a t e s  6 and 7.  a  = s e r o t y p e  0 : 3 ;  b = s e r o t y p e  0 : 5 , 2 7  (YA6);
c = s e r o t y p e  0 : 6 , 3 0  (Y63) d = s e r o t y p e  0 : 8  (Y 136) .
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no
r e a c t io n ,  P ro te u s  c o lo n ie s  swarmed.
The c o lo n ia l  v a r i a t io n s  o f th e  f o u r  s t r a i n s  o f Y. e n t e r o c o l i t i c a  
on LEE a re  shown in  P la te  7« The v a r ia t io n s  were d iv e rs e  on t h i s  
medium. S e ro ty p e  0 :3  was o f  low convex e le v a t io n  and c o lo u r le s s  w ith  
no Tween ( l i p a s e )  r e a c t io n .  S e ro ty p e  0:5>27 (Y46) was b r ig h t  p in k  and 
domed, a lm o st a s  h ig h  as  th e  co lo n y  was w ide , had an i r r e g u l a r  edge and 
was su rro u n d ed  by a s tro n g  Tween r e a c t io n .  S ero ty p e  0 :6 ,3 0  (y63) was 
f l a t t e r  th a n  0 : 5 >2 7 , i r r e g u l a r  in  sh ap e , v e ry  p a le  p in k  and had  a  l e s s  
s t ro n g  Tween r e a c t io n .  S e ro ty p e  0 :8  (Y13&) c o lo n ie s  w ere domed, a 
r e g u la r  e lo n g a te d  shape w ith  an  e n t i r e  edge and v ery  b r ig h t  p in k  ( l a c to s e  
f e rm e n ta t io n )  in  c o lo u r  w ith  a  s t r o n g  Tween r e a c t io n .
S a lm o n e lla -S h ig e lla  p lu s  d eo x y ch o la te  a g a r  (SS + D) . Y e rs in ia  pseudo­
tu b e r c u lo s i s  d id  n o t grow and th e  o th e r  f i v e  Y e rs in ia  sp p . p rod u ced  p in k  
c o lo n ie s  from  <1-2 mm d ia m e te r  (T ab le  2 4 ) .
E n te ro b a c te r  c lo a c a e  and P r o t .  m i r a b i l i s  d id  n o t grow and th e  o th e r  
s t r a i n s  w ere s im i la r  in  s i z e  t o  th e  Y e rs in ia  s p p . ,  < 0 .5 -2 .0  mm d ia m e te r . 
E s c h e r ic h ia  a lk a le s c e n s , E . c o l i , K. ae ro g e n es  and S. so n n e i a l l  p roduced  
p in k  c o lo n ie s  and th e  r e s t  o f  th e  s t r a i n s  w ere c o lo u r l e s s .
b ) Q u a n t i ta t iv e  e v a lu a tio n  o f  th e  grow th o f  Y. e n t e r o c o l i t i c a  and 
o th e r  o rganism s
The r e s u l t s  o f  th e  q u a n t i t a t iv e  e v a lu a t io n  o f  th e  a g a r  m edia a r e  
g iv e n  in  T ab le  2 5 .
On th e  s ix  m edia s tu d ie d  th e  f i v e  Y e r s in ia  s p p . , w ith  th e  e x c e p tio n  
o f  Y. p s e u d o tu b e rc u lo s is  w ere i n h i b i t e d  by l e s s  th an  5 $  o f  th e  co u n ts  
o b ta in e d  on BHI a g a r .  Y e r s in ia  p s e u d o tu b e rc u lo s is  was o n ly  s l i g h t l y  
in h i b i t e d  on SS + D a g a r  ( 6$ ) .
D eoxychola te  c i t r a t e  s u c ro s e  a g a r  (DCSA) i n h i b i t e d  c o m p le te ly  th e  grow th 
o f  a l l  th e  G ram -p o sitiv e  o rganism s and t h a t  o f  E. a lk a le s c e n s , E . c o l i  
and P r o t .  m i r a b i l i s  by 2 3 , 7 and 10$ r e s p e c t iv e l y .  The re m a in in g  s t r a i n s  
showed l e s s  th a n  5$  r e d u c t io n  i n  g row th .
L ac to se  s u c ro s e  u re a  a g a r  (LSU) a ls o  i n h i b i t e d  a l l  th e  G ra m -p o s itiv e  
s t r a i n s .  The grow th o f E. c lo a c a e  and E. c o l i  was red u ced  by g r e a t e r  
th a n  50$ and t h a t  o f  E. a lk a le s c e n s  and K. ae ro g e n es  by 28 and  30$ 
r e s p e c t iv e l y .  The o th e r  organism s w ere red u ced  by l e s s  th a n  5$*
MacConkey a g a r  (MAC) in h i b i t e d  2/5  s t r a i n s  o f  th e  G ram -p o s itiv e  o rgan ism s 
o n ly  and  w ith  th e  e x c e p tio n  o f  E . c lo a c a e  a l l  th e  o th e r  r e f e r e n c e  s t r a i n s
Ta
bl
e 
25
Q
ua
nt
it
at
iv
e 
ev
al
ua
tio
n 
of 
th
e 
gr
ow
th
 
of 
Y.
 
en
te
ro
co
li
ti
ca
 
an
d 
ot
he
r 
or
ga
ni
sm
s 
on 
va
ri
ou
s 
ag
ar
 
m
ed
ia 
in
cu
ba
te
d 
at 
50
°C 
fo
r 
48 
h
o
o
©
43
-P
O
w
cd
<u
COwoUPJ
Xa>
q snoooo ©Axqxsod-raujq) 0 0 CMON 0 0 0r^ -
V snoooo O A x q x s o d -n r e J * ) 0 0
1
0
8 0 0 0
•dds s n x ijo ^ a 0 0 -d-00 0 0 0
snaaao •a 0 0 0 0 0 0
xsaxs •a 0 0 0 0 0 0
■esoux^nJ[0s  *sd inON mON r^ -ON JOON mON mON
m0T“ 10
8 COON
0 _+rnnxunmxqd/q. •s 0T— ON 0
sxxxqsaxni *3.0.33 a VOON OO
*r*
ON
ON
KN
VO
00
s o u a y o j e ' B •x onON On -
ON
ON
ON
ON
ON
f"-
CM
O
V
X0AXS •H VOON coON ONON COON mON T-OT“
GL/&0VZ 0b IT 00 •a tnON a T~O*—
VO
-d-
m
CO
O
O
T—
SU0OS©XS3|X‘B •a r^r- CMr'- OOT“
mr- ONn- CMO
r—
sao^oxo •a VDON 00 VOCO 3$ CMCO
n-
ON
r» CM
g
-d- -d-
sxsoxnou0qn3.opn0s<3 •a 0v ON OT“
On 0T~
O^CH OdDOM B o x q x x o o o j c s q u © *A ONON ONON COON ONON OO
t n
0
T“
6 :o  soxqxxooodC0qus #A m0«r“
VO
ON
O
OT~
O
OT~
r—
OT“
O
O
T-
CO
ON
VO
ON
0 £ * 9 ;0  soxqxxoooa0qu0 *A COON COON ONON OO
T~
r*-
ON
£ : 0  ^dxqxxoooj03u© ONON VOON n-ON VOON r-ON
M
ac
C
on
ke
y p
p B© *rl
bo«rJ <5 © 
S
(
DC
SA
LS
U
SS 
ag
ar n
+
CO
CO
cd
bO
cd
O
X
li
+
co
CO
u •
cd
bO a) 
ccj p
Cd ©
H 43© p
bO o ■H B
CO II
a p-j rH S  
pH <D 
S3 O
s
<3
It P
W 5CO O 
45 o •" >>
a) o U ©3 ad
a) © n fi
exj
bO
cd
3 HW a)© to to o o H
1 *
rH II
II 8
8 *i-5
U
?•* cd 
S-t bO 
cd aj 
bO
cd © 
P  
© ed 
W rH
P  °
I I
O © 0) 
P  t j  
cdH 10
■p 2  
♦H rH 
O  p ,
0) eS 
P  rH 
cd rH 
rH © 
O bO 
43 .H
£ 8  X I 
o  cd
O rH 
'Cd rH © 
» S3
<3 I  
c o ,q
S S
grew within 5% of the counts on BHI agar.
S a lm o n e lla -S h ig e lla  a g a r  (S S ) i n h i b i t e d  a l l  th e  G ram -p o sitiv e  organism s 
and- E * c o l i  by g r e a t e r  th a n  50%, E . a lk a le s c e n s  by 25%>, E. c lo a c a e  by 
6% and th e  re m a in in g  s t r a i n s  grew to  w ith in  5% o f  th e  BHI a g a r  c o u n ts .
S a lm o n e lla -S h ig e lla  p lu s  d eo x y ch o la te  a g a r  (SS + D) i n h i b i t e d  a l l  th e  
G -ram -positive s t r a i n s  and  th e  o th e r  e n te r o b a c te r ia  w ere in h i b i t e d  
betw een  5% (H. a l v e i ) and 57% (P ro t. m i r a b i l i s ) .
X ylose ly s in e  d eo x y ch o la te  a g a r  (XLD) in h i b i t e d  k /5  G ram -p o s itiv e  
organism s b u t a l l  t h e  o th e r  r e f e r e n c e  s t r a i n s  grew to  w ith in  5% o f  th e  
c o u n ts  on BHI a g a r .
c ) N otes on two a d d i t io n a l  a g a r  m edia
i»  P e c t in  a g a r
C o n s id e ra b le  d i f f i c u l t i e s  were e x p e rie n c e d  in  th e  p ro d u c tio n  o f 
t h i s  medium. The p e c t in  fo im ed lumps which had to  be b roken  up by hand 
w h i ls t  k e e p in g  th e  m ix tu re  warm. I f  th e  medium s e t  i t  c o u ld  n o t be r e ­
m e lte d  which a l s o  m eant t h a t  s t e r i l i z e r  space  had  to  be r e a d i ly  a v a i la b le  
on co m p le tio n  o f  th e  medium*,
P e c t in o ly t i c  c o lo n ie s  w ere , a f t e r  A8 h in c u b a t io n ,  d e p re s s e d  a s  i f  
s in k in g  in to  th e  a g a r .  S e v e ra l b a tc h e s  o f  medium had  to  be made b e fo re  
one was o b ta in e d  on w hich Y. e n t e r o c o l i t i c a  grew w ith  th e  c h a r a c t e r i s t i c  
a p p e a ra n c e . The t e s t s  d e s c r ib e d  w ere c a r r i e d  ou t on t h i s  b a tc h  o f  
mediumo
S e v e n ty -n in e  o f  82 fo o d  i s o l a t e s  and  5 /6  r e f e r e n c e  s t r a i n s  p roduced  
th e  p e c t i n o l y t i c  r e a c t io n .  Y e r s in ia  e n t e r o c o l i t i c a  0 :3  was c o n s i s t e n t ly  
n e g a t iv e .  The s u b - c u l tu re s  from  th e  en rich m en t c u l tu r e s  p ro d u ced  a  v e ry  
heavy grow th o f  many organism s and  i t  was im p o ss ib le  t o  d i s t i n g u i s h  any  
p e c t in o ly t i c  c o lo n ie s .
i i .  Sodium o x a la te  a g a r
Many o rgan ism s grew on t h i s  medium  from  th e  en richm en t c u l tu r e s  and 
i t  was n o t  p o s s ib le  to  d i s t i n g u is h  Y. e n t e r o c o l i t i c a  w ith o u t f u r t h e r  su b -  
c u l tu r in g  many c o lo n ie s  to  s c re e n in g  m edia.
2. Evaluation of broth media
a )  Q u a l i ta t iv e  e v a lu a t io n  o f  th e  grow th o f Y e r s in ia  sp p . and  o th e r  
e n te r o b a c te r ia  a t  v a r io u s  te m p e ra tu re s
The grow th o f  Y e rs in ia  sp p . and th e  o th e r  e n te r o b a c te r ia  in  B ra in  
H e a rt In fu s io n  b r o th ,  GN b ro th  and p h o sp h a te  b u f fe re d  s a l i n e  i s  shown 
in  T ab le  26 and th e  grow th in  s e l e n i t e  c y s t in e  b r o th ,  s e l e n i t e  F b r o th  
and W au te rs ' b ro th  i s  shown in  T able 27 .
B ra in  H e a rt I n fu s io n  b ro th  (BHI) .  A ll  th e  organ ism s s tu d ie d  grew w e ll  
w ith in  th e  norm al te m p e ra tu re  ran g es  as e x p ec ted  f o r  th e  d i f f e r e n t  s p e c ie s .  
The s ix  s t r a i n s  o f  Y e rs in ia  p roduced  tu r b i d  grow th a t  a l l  th e  te m p e ra tu re s  
from  4°-36°C  b u t o n ly  Y. p s e u d o tu b e rc u lo s is  grew a t  43°C . H a fn ia  a l v e i ,
K. ae ro g e n e s  and RM b a c te r iu m  grew a t  4°C a s  w e ll  a s  th e  h ig h e r  te m p era ­
tu r e s  (T a b le  2 6 ) .
GN b ro th  ( GN) . The grow th o f  a l l  th e  s t r a i n s  i n  GN was i d e n t i c a l  to  
t h a t  o b ta in e d  in  BHI b ro th  (T ab le  2 6 ) .
P hosphate  b u f f e r e d  s a l i n e  (PS) ,  None o f  th e  s t r a i n s  exam ined showed 
any s ig n  o f  grow th i n  PS d u r in g  th e  1 6 days in c u b a tio n  (T a b le  2 6 ) .
S e le n i te  c y s t in e  b r o th  (SC) .  Y e rs in ia  e n t e r o c o l i t i c a  0 :9  was th e  o n ly
Y e r s in ia  s t r a i n  a b le  t o  grow a t  4°C in  t h i s  medium. H a fn ia  a l v e i . K.
o
ae ro g e n e s  and  RM b a c te r iu m  a l s o  f a i l e d  to  grow a t  4  C. RM b a c te r iu m  
d id  n o t grow e i t h e r  a t  3-0°, 36° o r  43°C b u t  th e  grow th  o f  th e  o th e r  
o rgan ism s was s im i l a r  to  t h a t  o b ta in e d  i n  BHI (T ab le  2 7 ) .
S e le n i te  F b ro th  (SF) .  None o f  th e  s i x  Y e rs in ia  s t r a i n s  grew a t  e i t h e r  
4 °  o r  12°C and Y. e n t e r o c o l i t i c a  0 :3  f a i l e d  to  grow a t  any  te m p e ra tu re  i n  
t h i s  medium. The o th e r  e n te r o b a c te r ia  a l s o  f a i l e d  to  grow a t  4 °  o r  12°C 
w ith  th e  e x c e p tio n  o f  P r o t .  m i r a b i l i s  w hich grew w eakly  a t  12°C. The 
S h ig e l la  sp p . grew o n ly  a t  th e  h ig h e r  te m p e ra tu re s  (T ab le  27)*
W auters* b ro th  (WB) .  The Y. e n t e r o c o l i t i c a  s t r a i n s  grew p o o r ly  in  t h i s  
b ro th  and on ly  a t  1 2 ° , 22° and 30°C. Y e r s in ia  p s e u d o tu b e rc u lo s is  d id  
n o t grow a t  any  te m p e ra tu re *  The o th e r  s t r a i n s  s tu d ie d  a l s o  f a i l e d  to  
grow a t  4 ° ,  36° o r  43° C and a t  1 2 ° , 22° and 30°C many grew o n ly  w eakly  
o r  n o t a t  a l l  (T ab le  27)®
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b) Quantitative evaluation of the growth of Yersinia spp. and other
e n t e r o b a c t e r i a
i ,  Growth o f  Y e r s in ia  sp p . and o th e r  e n te r o b a c te r ia  a t  30°> 22° a nd 
4°C
The grow th o f  Y. e n t e r o c o l i t i c a  and o th e r  o rgan ism s i n  B ra in  H e a rt 
I n f u s io n ,  GN b r o th ,  s e l e n i t e  c y s t in e  b r o th ,  s e l e n i t e  P b ro th  an d  W auters* 
b ro th  in c u b a te d  a t  30°> 22° and 4°C a r e  shown in  F ig u re s  10 to  20 .
B ra in  H e a rt In fu s io n  b ro th  (BHi) . The g e n e ra l t r e n d s  o f  grow th i n  BHI 
b ro th  a t  30°C a r e  r e p r e s e n te d  by  th e  grow th cu rv es  i l l u s t r a t e d  in  
F ig u re  1 0 . At 30°C th e  s ix  Y e rs in ia  s t r a i n s  grew r a p id ly  (from  an  
av e ra g e  75 c e l l s /m l )  to  betw een 7«3 x  10^ (Y. e n t e r o c o l i t i c a  0 :3 )  and
Q
1 .2 5  x  10 (Y. e n t e r o c o l i t i c a  0 :6 ,3 0 )  c e l l s /m l  w ith in  24  h .  Y e r s in ia
g
e n t e r o c o l i t i c a  0 :3  c o n tin u e d  to  grow  s t e a d i l y  and  a t t a i n e d  9*75 x 10 
c e l l s /m l  a f t e r  48 h in c u b a t io n .  The numbers o f  th e  o th e r  Y. e n te ro ­
c o l i t i c a  s t r a i n s  (n o t  p lo t t e d )  rem ained  s te a d y  and  Y. p s e u d o tu b e rc u lo s is  
(n o t p lo t t e d )  was b eg in n in g  t o  d e c l in e  i n  numbers by 48 h«
The o th e r  e n te r o b a c te r ia  grew r a p id ly  from  an  a v e ra g e  125 c e l l s /m l
8 9to  betw een 1 x  10 (H. a l v e i ) and 1 .7 3  x 10 c e l l s /m l  ( P r o t .  m i r a b i l i s )
w i th in  24 h in c u b a t io n .  (The grow th cu rv es  o f K. a e ro g e n e s , E . c o l i  and
P r o t .  m i r a b i l i s  o n ly  a r e  p lo t te d ) .  W hile th e  c o u n ts  o f  H. a l v e i ,  E.
c o l i  a nd P r o t .  m i r a b i l i s  c o n tin u e d  to  r i s e  and  a t t a i n e d  8 x 10 , 1 .5  x  10
and 5 .7 5  x 10^ c e l l s /m l  r e s p e c t iv e ly  by  48 h , th e  rem a in in g  e n t e r o b a c te r i a ,
S. ty ph im urium , K. a e ro g e n e s , E. c lo a c a e , E. a lk a le s c e n s  and RM b a c te r iu m ,
began  to  d e c l in e  in  num bers.
o
The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0 :9  i n  BHI in c u b a te d  a t  22 
and  4°C i s  shown i n  F ig u re  1 1 . At 22°C b o th  Y. e n t e r o c o l i t i c a  0 :3  and
g 8
0 :9  in c re a s e d  r a p id l y  t o  2 x  10 and  2 .5  x  10 o rg an ism s/m l r e s p e c t iv e l y
9 8in  24 h ,  r i s i n g  to  1 .3 5  x  10 and 9 x  10 o rg an ism s/m l r e s p e c t iv e l y
a f t e r  48 h in c u b a t io n .  At 4°C th e  s t r a i n s  a t t a i n e d  2 x  10^ an d  2 x 1 0
9 9o rg an ism s/m l r e s p e c t iv e l y  w ith in  5 days r i s i n g  to  1 .3  x  10 an d  1 x 10 
organ ism s/m l w ith in  13 days in c u b a t io n .
GN b ro th  (GN) .  The g e n e ra l  t re n d s  o f  grow th in  GN a t  30°C  a r e  r e p -
o
re s e n te d  by th e  grow th  c u rv e s  i l l u s t r a t e d  i n  F ig u re  1 2 . At 30 C th e
g
c o lo r s  co u n ts  o f  th e  Y e r s in ia  sp p . ro s e  r a p id ly  to  betw een x 1 x 10
‘
(Y. e n t e r o c o l i t i c a  0 :3 )  an d  1 .7 5  x 10 (Ye e n t e r o c o l i t i c a  0 :6 ,3 0 )
' g
o rg an ism s/m l. A lthough Y. e n t e r o c o l i t i c a  0 :9  a t t a in e d  2 x 10
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organ ism s/m l in  GN, which was h ig h e r  (33%) th a n  th e  cou n t a t t a i n e d  in
BHI, th e  co lo n y  c o u n ts  o f  th e  o th e r  Y e rs in ia  s t r a i n s  (n o t  p lo t t e d )  were
on av e ra g e  36% lo w er th an  th o s e  a t t a in e d  in  BHI a f t e r  24 h in c u b a t io n .
A f te r  48  h in c u b a t io n  th e  num bers o f  a l l  th e  Y e rs in ia  sp p . had begun to
6 8d e c l in e  to  betw een 1 ,5  x 10 and  5 x 1 0  o rgan ism s/m l and w ere on 
a v e ra g e  59% lo w er th a n  th o s e  a t t a i n e d  i n  BHI a f t e r  th e  same p e r io d .
The o th e r  e n te r o b a c te r ia  s tu d ie d  a l s o  in c re a s e d  in  grow th r a p id ly
8 9
to  betw een 1 .5  x  10 ( E . c o l i )  and 9 .73 x  10 o rgan ism s/m l ( E. c lo a c a e )
w ith in  24 h ( th e  grow th cu rv es  o f  K. a e ro g e n e s , E. c o l i  and P r o t .
m i r a b i l i s  o n ly  a r e  p l o t t e d ) .  S a lm o n ella  typhim urium  and  H. a l v e i  grew—— — ———  g  g
b e t t e r  i n  GN th a n  BHI and a t t a i n e d  co u n ts  o f  6 x  10 and  6 .5  x  10 
o rg an ism s/m l r e s p e c t iv e l y ,  an a v e ra g e  in c r e a s e  o f  38$ . The grow th o f  
th e  rem a in in g  s t r a i n s  was g e n e r a l ly  lo w er (av e rag e  41^) th a n  th o s e
o b ta in e d  in  BHI. A f te r  48  h in c u b a t io n  th e  co lony  co u n t o f S . so n n e i
8 8 had  r i s e n  from  2 x 1 0  a t  24  h  t o  4  x  10 o rgan ism s/m l b u t  th o s e  o f  th e
o th e r  e n t e r o b a c te r ia  had  begun to  d e c l in e  to  betw een 4 .2 5  x 10^ and
g
9 x 1 0  o rg an ism s/m l w hich was on a v e ra g e  60% lo w er th a n  th e  c o u n ts  
a t t a i n e d  i n  BHI o v er th e  same p e r io d .
The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0 :9  i n  GN in c u b a te d  a t  
22° and  4°C i s  shown in  F ig u re  1 3 . At 22°C Y. e n t e r o c o l i t i c a  0 :3  and g--------------
0 :9  a t t a i n e d  co lo n y  c o u n ts  o f  4 .25  x 10 and  1 ,5  x 10 o rg an ism s/m l 
r e s p e c t iv e l y  i n  24 h . Y e rs in ia  e n t e r o c o l i t i c a  0 :3  c o n tin u e d  to  r i s e  to
1 .0 5  x 10^' o rgan ism s/m l a f t e r  48 h b u t Y. e n t e r o c o l i t i c a  0 :9  h av in g
g
in c re a s e d  i n  numbers to  9 x 10 o rg an ism s/m l a f t e r  30 k ,  d e c l in e d  to
8 o2 .2 5  x  10 o rg an ism s/m l a f t e r  48  h in c u b a t io n .  At 4  C th e  s t r a i n s
in c re a s e d  i n  numbers to  3 x  10^ and 3 x 10^ o rgan ism s/m l r e s p e c t iv e l y  in
9 8 . /5 days in c u b a t io n  and  h ad  in c re a s e d  to  1 .4  x  10 and 7 x  10 o rg an ism s/m l
a f t e r  13 days in c u b a t io n .
P ho sp h a te  b u f f e r e d  s a l i n e  (PS) .  T h is  medium was n o t in c lu d e d  in  th e
e v a lu a t io n  o f  th e  grow th o f  Y e rs in ia  sp p . and o th e r  e n t e r o b a c te r ia  a t
30°C. The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0: 9 in  PS in c u b a te d  a t
22° and 4°C i s  shown in  F ig u re  14.
N e ith e r  o f  th e  Y. e n t e r o c o l i t i c a  s t r a i n s  grew in  t h i s  medium
in c u b a te d  a t  e i t h e r  22° f o r  48 h o r  4°C f o r  13 d ay s . H ow ever, b o th
s t r a i n s  d id  s u rv iv e  in  numbers s im i la r  t o  th e  i n i t i a l  inocu lum  o f  
2
1 x 10 o rg an ism s/m l th ro u g h o u t th e  p e r io d  o f  th e  e x p e rim e n t.
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S e le n i te  c y s t in e  b ro th  (SC) .  The g e n e ra l tr e n d s  o f  grow th in  t h i s  
medium a t  30°C a re  r e p r e s e n te d  by th e  grow th cu rv es  i l l u s t r a t e d  in  
F ig u re  1 5 . At 30°C Y. e n t e r o c o l i t i c a  s e ro ty p e  0 :6 ,3 0  and NCTC s t r a i n s  
10460 and 10398 f a i l e d  to  grow d u r in g  72 h in c u b a t io n .  Y e rs in ia  
e n t e r o c o l i t i c a  0 :9 ,  how ever, in c re a s e d  v e ry  s lo w ly  to  4 .5  x  10^ o rg a n ism s / 
ml a f t e r  48  h r i s i n g  to  2 x  10^ o rgan ism s/m l a f t e r  72 h .  ' The co lony
g
coun t o f  Y. e n t e r o c o l i t i c a  0 :3  ro se  to  2 x  10 o rgan ism s/m l a f t e r  48  h
in c u b a t io n  and  Y. p s e u d o tu b e rc u lo s is  (n o t p lo t t e d )  a t t a in e d  1 .6 5  x  10^
o rg an ism s/m l o n ly  a f t e r  72 h in c u b a t io n .
The c o lo n y  c o u n ts  o f  th e  o th e r  e n t e r o b a c te r ia  w ere a l s o  much red u ce d
i n  SC and  K. a e ro g e n e s , RM b a c te r iu m  and E. a lk a le s c e n s  f a i l e d  to  grow
d u rin g  72 h in c u b a tio n  ( th e  grow th o f  K. a e ro g e n e s , E. c o l i  and  P r o t .
m i r a b i l i s  o n ly  a r e  p l o t t e d ) .  S h ig e l la  so n n e i grew s lo w ly , a t t a i n i n g  
c g
2 x  10 o rgan ism s i n  48 h and 5 x 1 0  o rgan ism s/m l a f t e r  72 h  in c u b ­
a t i o n .  P ro te u s  m i r a b i l i s  f lo u r i s h e d  and  had  a t t a i n e d  a  co lo n y  coun t o f
Q g
1 .25  x 10 o rgan ism s/m l a f t e r  24 h b u t had d e c l in e d  to  4 . 2 5  x  10 
o rg an ism s/m l a f t e r  48  h .  The rem a in in g  s t r a i n s ,  H. a l v e i ,  E . c lo a c a e ,
4
S . f l e x n e r i , E. c o l i  and S . typh im urium , a t t a i n e d  co u n ts  betw een 7*5 x 10
8 " 7 8and 2 x 1 0  o rgan ism s/m l a f t e r  24  h r i s i n g  to  betw een 6 x 1 0  and 5 x 10
o rg an ism s/m l a f t e r  48 h in c u b a t io n .
o
The grow th o f Y. e n t e r o c o l i t i c a  0 :3  and 0 :9  in  SC in c u b a te d  a t  22
and 4°C i s  shown i n  F ig u re  1 6 . At 22°C b o th  Y. e n t e r o c o l i t i c a  0 :3  and
0 :9  grew s t e a d i l y  and a t t a i n e d  9 x  10^ and 2 x  10^ o rg an ism s/m l r e s p e c t -
8 6iv e ly  i n  24  h and  1 x 10 and  5 x 1 0  o rgan ism s/m l r e s p e c t iv e l y  a f t e r  
48 h in c u b a t io n .  At 4°C th e s e  s t r a i n s  a t t a i n e d  2 .7 5  x 10^ and 5 x  10^ 
o rg an ism s/m l r e s p e c t iv e ly  o n ly  a f t e r  13 days in c u b a t io n .
S e le n i te  F b r o th  (SF) .  The g e n e ra l t r e n d s  o f  grow th i n  SF a t  30°C a r e  
r e p r e s e n te d  by  th o s e  shown in  F ig u re  17* At 30°C Y. e n t e r o c o l i t i c a  0 :3  
and  Y. p s e u d o tu b e rc u lo s is  (n o t  p lo t t e d )  f a i l e d  t o  s u rv iv e  o r  grow d u r in g  
72 h in c u b a t io n .  Y e rs in ia  e n t e r o c o l i t i c a  NCTC 10598 (n o t  p lo t t e d )  d id  
n o t grow d u r in g  th e  f i r s t  24  h in c u b a tio n  b u t th e  co lony  co u n t ro s e  
s t e a d i l y  to  1 .3  x  10 o rgan ism s/m l a f t e r  48  h in c u b a t io n .  The numbers 
o f  Y. e n t e r o c o l i t i c a  0 :3 ,  0 :6 ,3 0  and NCTC 10460 (n o t  p lo t t e d )  in c r e a s e d  
to  betw een 1 .7 5  x 10^ and 1 ,5  x 10^ o rg an ism s/m l a f t e r  24 h and  f i n a l l y
o o
a t t a in e d  1 .7 5  x 10 -  2 .5  x 10 o rgan ism s/m l a f t e r  48  h c
E n te ro b a c te r  c lo a c a e , Er, a lk a le s c e n s , RM b a c te r iu m , S . f l e x n e r i
and S. so n n e i a l l  f a i l e d  to  s u rv iv e  o r  grow i n  SF. H afn ia  a l v e i  and
--------------  6 g
P r o t .  m i r a b i l i s  a t t a in e d  c o u n ts  o f 2 x 10 and 4 .5  x 10 o rg an ism s/m l
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r e s p e c t iv e ly  a f t e r  24  h ,  r i s i n g  to  3.25  x  10^ and  1 x  10^ o rgan ism s/m l
a f t e r  48 h in c u b a t io n  ( th e  grow th c u rv e s  o f  K. a e ro g e n e s , E. c o l i  and
P r o t .  m i r a b i l i s  o n ly  a r e  p l o t t e d ) .  A lthough S . typhim urium  grew
b e t t e r  th a n  a l l  th e  o th e r  s t r a i n s  and  a t t a i n e d  3 x  10^ o rgan ism s/m l
£
a f t e r  24  h in c u b a t io n  th e  numbers r a p id l y  d e c l in e d  to  4  x  10 o rg a n is m s /
ml a f t e r  48 h in c u b a t io n .  The rem a in in g  s t r a i n s ,  E. c o l i  and  K.
5 5a e ro g e n e s , a c h ie v e d  maximum co lo n y  co u n ts  o f  2 .5  x  10 and 5 x  10 
o rg an ism s/m l o n ly  a f t e r  48  h in c u b a t io n .
The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0 :9  in  SF in c u b a te d  a t  
22° i s  shown i n  F ig u re  1 8 . At 22°C Y. e n t e r o c o l i t i c a  0 :3  was n o t 
re c o v e re d  a f t e r  14 h in c u b a t io n ,  w hereas Y. e n t e r o c o l i t i c a  0 :9  in c re a s e d  
s lo w ly  and  a t t a i n e d  1 .2 5  x 10^ o rg an ism s/m l a f t e r  48 h .  At 4°C n e i th e r  
s t r a i n  was re c o v e re d  a f t e r  th e  i n i t i a l  co u n t c a r r i e d  o u t a t  th e  tim e o f  
in o c u la t io n  (o  h ) .
W au te rs1 b r o th  (WB) .  The g e n e ra l t r e n d s  o f  grow th i n  WB a t  30°C a re
shown in  F ig u re  1 9* Y e rs in ia  p s e u d o tu b e rc u lo s is  was th e  o n ly  Y e rs in ia
s t r a i n  w hich d id  n o t grow i n  WB a t  30°C . Y e rs in ia  e n t e r o c o l i t i c a  0 :9
and NCTC 10460 (n o t p lo t t e d )  grew v e ry  s lo w ly  and o n ly  a t t a i n e d  co u n ts
o f  5 x  10^  and 1 .2 5  x 10^  o rg an ism s/m l r e s p e c t iv e ly  i n  24 h w hereas th e
o th e r  th r e e  s t r a i n s  a t t a i n e d  co u n ts  o f  betw een 2 e6 x  10^ and  4  x  10^
o rg an ism s/m l d u rin g  th e  same p e r io d .  A f te r  48  h in c u b a t io n  a l l  f i v e
7 8s t r a i n s  had  a t t a i n e d  co u n ts  o f  betw een 4 .7 5  x 10 and  2 .5  x 10 o rg a n is m s / 
m l.
Red mouth b a c te r iu m  and S . so n n e i w ere th e  on ly  e n te r o b a c te r ia  
s t r a i n s  w hich d id  n o t grow i n  WB b u t P r o t .  m i r a b i l i s  and  S. f l e x n e r i  
were g r e a t l y  i n h i b i t e d  ( th e  g row th  c u rv e s  o f  K. a e ro g e n e s , E. c o l i  and 
P r o t .  m i r a b i l i s  o n ly  a re  p l o t t e d ) .  S h ig e l la  f l e x n e r i  a t t a i n e d  o n ly  
3 x  10^ o rg an ism s/m l and  th e  number o f  P r o t .  m i r a b i l i s  rem ained  th e  same 
a s . t h e  i n i t i a l  inoculum  th ro u g h o u t 72 h in c u b a t io n .  The re m a in in g  
e n t e r o b a c t e r i a , E. c lo a c a e , E . a l k a le s c e n s , E . c o l i , H. a l v e i , K. a e r o -  
genes and  S . typhim urium  a t t a i n e d  co u n ts  o f  betw een 5 x 1 0  and  1 .2 5  x
Q 6 8
10 o rg an ism s/m l a f t e r  24  h  r i s i n g  to  betw een 6.5  x 10 and 2 x 10 
o rg an ism s/m l a f t e r  48  h in c u b a t io n .
The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0 :9  in  WB in c u b a te d  a t  22° 
and 4°C i s  shown in  F ig u re  2 0 . At 22°C th e r e  was v e ry  l i t t l e  in c r e a s e
i n  numbers o f  e i t h e r  Y. e n t e r o c o l i t i c a  0 :3  o r  0 :9  d u rin g  th e  f i r s t  24 h
3 4  . /in c u b a t io n ,  th e  s t r a i n s  o n ly  a t t a i n i n g  5 x 1 0  and 1 . 5 x 1 0  o rg a n ism s /
ml r e s p e c t iv e l y .  S u b seq u en tly  th e y  in c re a s e d  more r a p id ly  and  a t t a i n e d
X ui/ s u is t u e S j o  S o t ;
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7 74 .5  x 10 and 3 x  10 o rgan ism s/m l r e s p e c t iv e l y  a f t e r  48 h in c u b a t io n .
At 4°C Y. e n t e r o c o l i t i c a  0 :3  was n o t re c o v e re d  a f t e r  2 days in c u b a t io n
and Y. e n t e r o c o l i t i c a 10 :9  s u rv iv e d  13 days in c u b a t io n  w ith  o n ly  a
2s l i g h t  in c r e a s e  in  numbers t o  2 .3  x  10 o rgan ism s/m l betw een 9 and 13 
d a y s .
i i .  Growth o f  Y e r s in ia  sp p . from  a  m inim al inoculum  in  f i v e  b ro th  
m edia in c u b a te d  a t  30° and 22°C
The grow th o f  Y e rs in ia  sp p . from  a  m inim al inoculum  in  f o u r  e n r ic h ­
ment m edia com pared w ith  BHI in c u b a te d  a t  30° and 22°C i s  shown i n  T ab le  
28.
GN b r o th . GN b ro th  was t h e  on ly  medium i n  w hich a l l  t h e  s t r a i n s  grew . 
W ith th e  e x c e p tio n  o f  Y. e n t e r o c o l i t i c a  NCTC 10460 and  Y. p s e u d o tu b e rc u lo ­
s i s  th e r e  was v e ry  l i t t l e  d i f f e r e n c e  in  th e  r e s u l t s  o b ta in e d  a t  th e  two 
te m p e ra tu re s .  These r e s u l t s  in d ic a te  t h a t  22°C d id  f a v o u r  s l i g h t l y  th e  
grow th o f  Y. p s e u d o tu b e rc u lo s is  and  3 0 °C fa v o u re d  t h a t  o f  Y. e n te ro ­
c o l i t i c a  NCTC 10460. B ecause o f th e  v e ry  h ig h  grow th o f  t h i s  l a t t e r  
s t r a i n  a t  30°C th e  experim en t was re p e a te d  and s im i la r  r e s u l t s  o b ta in e d .
S e le n i te  c y s t in e  b r o th . Y e rs in ia  e n t e r o c o l i t i c a  0 :3  and 0 :6 ,3 0  w ere 
th e  o n ly  s t r a i n s  to  grow from  a  m inim al inocu lum  in  t h i s  medium and on ly  
th e n  a t  30°C.
S e le n i te  F b r o th . Y e r s in ia  e n t e r o c o l i t i c a  0 :9  was th e  o n ly  s t r a i n  to  
grow in  t h i s  medium and a g a in  on ly  a t  30°C .
W auters* b r o t h . Y e r s in ia  e n t e r o c o l i t i c a  0:3> 0 :9  and NCTC 10598 a l l  
grew in  V© a t  30°C b u t o n ly  th e  l a t t e r  s t r a i n  a l s o  grew a t  22°C .
c )  The e v a lu a t io n  o f  two a d d i t i o n a l  b ro th  media
i .  Growth r a t e s  a t  30°> 22° and 4°C
The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0 :6 ,3 0  in  b u f f e r e d  p ep to n e  
(BP) and  supp lem en ted  p h o sp h a te  b u f f e r  (S) in c u b a te d  a t  3 0 ° , 22° and
4°C i s  shown i n  F ig u re s  21 and 22 r e s p e c t iv e l y .
/ \ 0Both s tra in s  grew r a p id ly  in  BP (F ig u re  21) incubated  a t  both 30
0
and 22°C and a t t a i n e d  >1 x ‘ 10 o rgan ism s/ra l w ith in  24 h in c u b a t io n  and
rem ained  a t  th e  same l e v e l  d u r in g  48 h . At 4°C s e ro ty p e  0 :6 ,2 0
' oa t t a i n e d  s im i l a r  l e v e l s  to  th o s e  a t t a i n e d  a t  22 C w ith in  9 days and was
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b e g in n in g  t o  d e c l in e  i n  numbers by 13 days* S ero ty p e  0 :3  c o n tin u e d
to  in c r e a s e  i n  numbers th ro u g h o u t th e  13 days in c u b a tio n *
In  S (F ig u re  22) grow th  o f  b o th  t e s t  s t r a i n s  was r a t h e r  s lo w er
th a n  t h a t  i n  BP, Y. e n t e r o c o l i t i c a  0 :3  a t t a i n e d  o n ly  3*5 x 10^
o rg an ism s/m l a f t e r  18 h in c u b a tio n  a t  30°C and d e c l in e d  r a p id ly  to  
2
1 x 10 o rgan ism s/m l w ith in  48 h .  In  c o n t r a s t  Y* e n t e r o c o l i t i c a
— — —— — — — — —
0 : 6,30  grew s t e a d i l y  and  a t t a i n e d  5 x  10 o rgan ism s/m l a f t e r  48  h
in c u b a t io n .  At 22°C b o th  0 :3  and 0 :6 ,3 0  grew s t e a d i ly  t o > 1 .5  x 10^
7 8org an ism s/m l in  24  h and ro s e  to  2*5 x 10 and  1 .5  x 10 o rgan ism s/m l 
a f t e r  48  h in c u b a t io n .  At 4°C s im i la r  c o u n ts  o f  b o th  s t r a i n s  were 
a t t a in e d  a f t e r  13  days in c u b a t io n .
i i .  Growth from  a  m inim al inoculum
The grow th o f  Y. e n t e r o c o l i t i c a  0 :3  and  0 :6 ,3 0  from  a  m inim al 
incoulum  i n  BP and  S in c u b a te d  a t  30°C i s  shown in  T ab le  2 9 . Y e rs in ia  
e n t e r o c o l i t i c a  0 :3  showed a  17$ r e d u c t io n  i n  grow th in  BP com pared to  
t h a t  o b ta in e d  i n  BHI and  f a i l e d  to  grow in  S ,b u t Y. e n t e r o c o l i t i c a  
0 :6 ,3 0  grew e q u a l ly  in  b o th  media and showed o n ly  a r e d u c t io n  o f  
grow th com pared to  t h a t  i n  BHI.
d) E v a lu a tio n  o f  b a tc h  to  b a tc h  v a r i a t i o n  and e f f e c t  o f  s to r a g e  o f  
b ro th  m edia on th e  re c o v e ry  o f Y .e n t e r o c o l i t i c a .
B ra in  H e a rt In fu s io n  b r o th . The com parison  o f  th e  grow th  o f  Y. e n te ro ­
c o l i t i c a  0 :3  and 0 :6 ,3 0  in  f o u r  b a tc h e s  o f  D ifco  BHI and  one b a tc h  o f 
Oxoid BHI i s  shown in  F ig u re  2 3 . D ifco  b a tc h  G was f r e s h l y  p re p a re d  
from  th e  same b a tc h  o f  d e h y d ra te d  pow der a s  D ifco  b a tc h  A w hich had  been  
s to r e d  a t  room te m p e ra tu re  f o r  seven  m onths. S im i la r ly  D ifco  b a tc h  D 
was f r e s h ly  p re p a re d  from  th e  same b a tc h  o f  d e h y d ra ted  pow der as  D ifco  
b a tc h  B which had been  s to r e d  a t  room te m p e ra tu re  f o r  4  m on ths.
T here was no s i g n i f i c a n t  d i f f e r e n c e  betw een th e  maximum co u n ts  o f
e i t h e r  o f  th e  organism s in  e i t h e r  th e  f i v e  f r e s h ly  p re p a re d  o r  th e  two
8s to r e d  b a tc h e s  o f  b r o th .  The co lo n y  co u n ts  ran g ed  from  7 .5  x 10 -
5 x 10^ o rg an ism s/m l a f t e r  24  h in c u b a tio n  and  4 .5  x 10® -  3 -5  x 10^ 
o rg an ism s/m l a f t e r  48 h in c u b a t io n .  T here was a  marked d e c l in e  in  th e  
numbers o f  b o th  s t r a i n s  in  b a tc h e s  B and C (n o t p lo t t e d )  a f t e r  48  h 
and Y. e n t e r o c o l i t i c a  0 :3  and  Y. e n t e r o c o l i t i c a  0 :6 ,3 0  showed a  s im i l a r
i
d e c l in e  i n  b a tc h e s  F and E r e s p e c t iv e ly  (n o t  p l o t t e d ) .  The co lony  
co u n ts  o f  b o th  re fe re n c e  s t r a i n s  in  th e  Oxoid BHI b a tc h  A w hich  was o n ly
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Table 29
Growth o f  Y. e n t e r o c o l i t i c a  from  a  m inim al inoculum  
in  two b ro th  m edia a s  com pared w ith  B ra in  H e a rt 
I n fu s io n  in c u b a te d  a t  30°C
Medium
$0% end p o in ts  o f growth exp ressed  a s  a % 
o f t h a t  o b ta in ed  w ith  B rain  H eart In fu s io n
Y. e n t e r o c o l i t i c a
Serotype
0 :3
Serotype
0 :6 ,3 0
B uffered  pep tone 
w ater 83 95
Supplemented
phosphate b u f f e r 0 95
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a v a i la b l e  f r e s h l y  p re p a re d  w ere s im i la r  to  th o s e  o b ta in e d  in  th e  
f r e s h l y  p re p a re d  D ifco  media©
G-N b r o th . The grow th o f Y. e n t e r o c o l i t i c a  0 :3  in  d i f f e r e n t  b a tc h e s  o f 
D ifco  GN b ro th  i s  shown in  F ig u re  24 . The GN b a tc h  E was f r e s h l y  p re p ­
a r e d  from  th e  same b a tc h  o f  d e h y d ra te d  powder a s  b a tc h  B w hich had  been 
s to r e d  f o r  10 months a t  room te m p e ra tu re  and b a tc h  C w hich had  been 
s to r e d  f o r  1 month© N e ith e r  Y© e n t e r o c o l i t i c a  0 :3  n o r 0 :6 ,3 0  grew in  
b a tc h  A w hich had  been  s to r e d  a t  room te m p e ra tu re  f o r  22 m onths. In
b a tc h e s  B and  C Y. e n t e r o c o l i t i c a  0 :3  and 0 :6 ,3 0  a t t a i n e d  co lony  co u n ts
9 3 /o f  betw een  1 x 10 and  2 .25  x  10 o rg an ism s/m l a f t e r  24 h  b u t  showed a
8 8m arked d e c l in e  to  betw een 1 .5  x 10 and 6 .5  x 10 o rg an ism s/m l a f t e r  48 h
in c u b a t io n .  In  th e  f r e s h l y  p re p a re d  b a tc h e s  D, E and F th e  co lony
c o u n ts  w ere i n  g e n e ra l s l i g h t l y  lo w er th a n  th o s e  i n  th e  s to r e d  b a tc h e s
8 9and  a t t a i n e d  betw een  5 x 1 0  and 5 .5  x 10 o rgan ism s/m l a f t e r  24 h
8 9in c u b a t io n  and  betw een 2 .5  x  10 and 6 .5  x  10 o rgan ism s/m l a f t e r  48 h .  
B oth r e f e r e n c e  s t r a i n s  showed a  n o ta b le  d e c l in e  in  numbers i n  b a tc h  F 
a f t e r  48 h .
B u ffe re d  p ep tone  w a te r . The com parison  o f  grow th o f  Y. e n t e r o c o l i t i c a  
0 :3  in  f i v e  b a tc h e s  o f  b u f fe re d  p ep to n e  w a te r  i s  shown i n  F ig u re  25 .
The medium was p re p a re d  from  raw in g r e d ie n ts  and th e r e f o r e  i t  was n o t 
p o s s ib le  f o r  a  com parison  to  be made betw een s to r e d  and f r e s h l y  p re p a re d
b ro th s  made from  e x a c t ly  th e  same in g r e d i e n t s .  Both Y. e n t e r o c o l i t i c a■
0 :3  an d  0 : 6 ,30  grew to  g r e a t e r  th a n  1 .5  x 10 o rgan ism s/m l w ith in  24 h 
in  a l l  th e  b ro th s  w ith  th e  e x c e p tio n  o f Y. e n t e r o c o l i t i c a  0 :3  in  b a tc h  
A, w hich grew v e ry  s lo w ly  o n ly  a t t a i n i n g  4 .5  x 10 o rg a n ism s/m l. A f te rg
48 h in c u b a t io n  b o th  s t r a i n s  had  a t t a i n e d  g r e a t e r  th a n  2 x 10 o rg a n ism s / 
ml b u t  Y. e n t e r o c o l i t i c a  0 :3  showed a d e c l in e  i n  numbers in  b a tc h  C an d  
Y. e n t e r o c o l i t i c a  0 :6 ,3 0  a  s im i la r  d e c l in e  i n  b a tc h  B.
3 . I n v e s t i g a t io n s  w ith  a  view  to  fo rm u la tin g  a  new medium
a )  I n v e s t ig a t io n s  t o  d e te rm in e  a n t a g o n is t i c  e f f e c t s  am ongst th e
r e f e r e n c e  s t r a i n s
i .  A ntagonism  in  m ixed l i v e  c u l tu r e s
None o f th e  r e f e r e n c e  s t r a i n s  showed any s ig n  o f  i n h i b i t i o n  e i t h e r
C
o f  th e m se lv e s  o r  each  o th e r  i n  l i v e  m ixed c u l t u r e s .
Fi
gu
re
 
24
. 
Gr
ow
th
 
of 
Y
.e
n
te
ro
co
li
ti
ca
 
se
ro
ty
pe
 
0:
3 
in 
d
if
fe
re
n
t 
ba
tc
he
s 
of 
D
ifc
o 
GN 
br
ot
h 
at 
30
°C
00
oo
oo vO LO CN<r
9 * CN
00
TO
AJ
CO
CN00
coVa3OX
o•H
AJ
cdX3Oc•H
TJOX
AJo
E
00c•H
AJ
c3oo
cwo
AJ•H
E
II
Xo
AJ
cdX
W
Xo
AJ
cdX
O
Xu
AJcdX
II
<
u
Xo
AJ
cdX
X
Xu
AJ3X
Xui/ s u i s t u f S j o  ^ S o ^
Xo
AJ
cdX
II
<!
Fi
gu
re
 
25
. 
Gr
ow
th
 
of 
Y
.e
n
te
ro
co
li
ti
ca
 
se
ro
ty
pe
 
0:
3 
in 
fi
ve
 
ba
tc
he
s 
of 
bu
ff
er
ed
 
pe
pt
on
e 
w
at
er
 
at 
30
°C
CO <r cocr> CNv O
OE
COc
4J
c3ou
<4-1o
■U•H
E•r"4
a
o
4-1CC
Xm/smsiueSao ^ S o i
sio
■uCCX
II
O
o
JSo
4 JSJJO
X
CO
o
4-1
-O
S Io
4-4a-o
i i c  A ntagonism  by e n d -p ro d u c ts  o f  grow th
The in h i b i t i o n  o f  th e  r e f e r e n c e  s t r a i n s  on B ra in  H e a rt I n f u s io n  
and d eo x y ch o la te  c i t r a t e  su c ro se  a g a rs  a r e  shown in  T ab les  30 and  31 
r e s p e c t iv e l y .
B ra in  H e a rt In fu s io n  a g a r . Y e r s in ia  e n t e r o c o l i t i c a  0 :9 » 'Y. p s e u d o tu b e r­
c u lo s i s  and S . so n n e i w ere a l l  s l i g h t l y  i n h i b i t e d  by th e m se lv es  on BHI, 
each  o f  th e  s t r a i n s  showed a  r e d u c t io n  in  grow th where th e y  c ro s s e d  th e  
grow th a r e a  o f  th e  o r ig i n a l  k i l l e d  s t r a i n  (T ab le  3 0 ) .  ' T here  was weak 
i n h i b i t i o n  o f  Y. e n t e r o c o l i t i c a  0 :3*  0 :6 ,3 0 ,  0:9# NCTC 10460 , 10398,
E . a l k a le s c e n s , H. a l v e i  and e s p e c i a l l y  th e  S h ig e l la  s p p . b u t t h i s  was 
cau sed  by s p e c ie s  o th e r  th a n  th e m se lv e s . Some o f  th e  r e f e r e n c e  s t r a i n s  
were more d e f i n i t e l y  i n h i b i t e d  and no grow th o c c u rre d  w here t h e  ’’k i l l e d "  
and l i v e  s t r a i n s  c ro s s e d ,  S. f l e x n e r i  was t o t a l l y  i n h i b i t e d  by Y. e n te ro ­
c o l i t i c a  NCTC 10460, S . s o n n e i by E . a lk a le s c e n s  and b o th  s t r a i n s  by H. 
a l v e i  and S. typh im urium . Y e rs in ia  e n t e r o c o l i t i c a  0 :3  w&s t o t a l l y  
i n h i b i t e d  by Y. p s e u d o tu b e rc u lo s is  and  RM b a c te r iu m . The l a t t e r  organ ism  
a l s o  i n h i b i t e d  Y. e n t e r o c o l i t i c a  0 :9  and Y. p s e u d o tu b e rc u lo s is . H a fn ia  
a l v e i  was t o t a l l y  in h i b i t e d  by E. a lk a le s c e n s .
D eoxychola te  c i t r a t e  su c ro se  a g a r . T here w ere v e ry  few  weak i n h i b i to r y  
a f f e c t s  when th e  s t r a i n s  were grown on DCSA (T ab le  31)• The i n h i b i t i o n  
o c c u rre d  a s  a  d e f i n i t e  a r e a  o f  no grow th where th e  l i v e  s t r a i n  c ro s s e d  
th e  s t r e a k  l i n e  o f  th e  " k i l l e d "  o rgan ism . W ith th e  e x c e p tio n  o f  Y. 
p s e u d o tu b e rc u lo s is  a l l  th e  Y e rs in ia  sp p . e x h ib i te d  i n h i b i t i o n  o f them­
s e lv e s  a s  w e ll  a s  o f  each o th e r .  Y e rs in ia  e n t e r o c o l i t i c a  0 :6 ,3 0 ,  NCTC 
10460 and 10398 a f f e c t e d ,  to  v a ry in g  d e g re e s ,  th e  two S h ig e l la  s t r a i n s .  
E s c h e r ic h ia  c o l i , K. a e ro g e n e s , RM b a c te r iu m  and S . typhim urium  w ere a l s o  
i n h i b i t e d  by th e m se lv es  and  w ith o u t e x c e p tio n  a l l  th e  o th e r  s t r a i n s  w ere 
i n h i b i t e d  by E . c o l i  w hich was th e  o n ly  organism  n o t to  be i n h i b i t e d  by 
K. a e ro g e n e s . K le b s ie l l a  ae ro g e n es  was th e  o n ly  s t r a i n  n o t i n h i b i t e d  
by RM b a c te r iu m  and  S. typh im urium .
b )  The e f f e c t  o f  dyes and  o th e r  ch em ica ls  on th e  grow th o f  Y e r s in ia
sp p . and o th e r  o rganism s
i .  E f f e c t  o f  dyes and o th e r  chem ical a g e n ts  in c o rp o ra te d  i n t o  B ra in
H e a rt In fu s io n  and GN a g a rs
The e f f e c t s  o f  th e  dyes and ch em ica ls  in c o rp o ra te d  in to  BHI a g a r  and
Antagonism of the reference strains on
Brain Heart Infusion agar
T est s t r a i n
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KS uT
oVO , -d- o
o
OS E-< 
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00osuso
oEh
M
K il le d  o rgan ism
a a} aj aj ajo o a o o
•rl •H •rl •rf •H
P P P P P
•H •H •H •H •H
rH rH rH H i—1O O O O OO O O O OO O o o 5
G g G g GP p P 0) 0)P -p P p p
G G G G GP P P P P
• • • • •
>H >H rH >H
03♦H03 usOrH3 NSa •nhG 03 o sP G T~ 3rQ P CM 03 g •r*3 P P 3 G •rlP P n O G •rl 3 Go aj p O’ P G 6 P •Hp •H e* P •rl G P3 a a) •H P o P ,G X cP o X rH > G P 3 P 303 H pj O H P aJ K r—i o
3 P CO P cO aj rO P <G w
• • • • « • S t « •>H w W W W CO CO CO
Y. e n t e r o c o l i t i c a  0 :3  — —
Y. e n t e r o c o l i t i c a  0 :6 ,3 0  -  -  -  -  + +
Y. e n t e r o c o l i t i c a  0 :9  +
Y. e n t e r o c o l i t i c a  NCTC 
10460
Y. en t e r oc o l i t i c a  NCTC 
10598
Y. p s e u d o tu b e rc u lo s is
E . c lo a c a e  
E. a lk a le s c e n s  
E. c o l i  QC 21043/75 
H. a l v e i  
K. ae ro g e n es  
RM b a c te r iu m  
S . typhim urium  
S . f l e x n e r i  
S . so n n e i
+ +
-  +
+ +
+ -
+ = inhibition; + = weak inhibition; - = no inhibition.
Table 31
Antagonims of the reference strains on deoxycholate
citrate sucrose agar
T e s t s t r a i n
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O O O O O 3 0 P
O O O O O P P CO O G
O 0 O O O O c i p O P
G H G G G rd 0 H •H b£(D P P P P 3 cd aj •rl P O
P P P P P p 0 Aj rH > G
G G G G G w rH rH O rH P
0 p P P P 3 O aj O ai aj
• • • • • • • • • • •
>H r>H W W « W
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•H
Gp
poajrQ
sepci
,G
>!
P
w CO CO
Y. e n t e r o c o l i t i c a  0 :3  + + + + + + -  - -  - -  - -  + +
Y. e n t e r o c o l i t i c a  0 :6 ,3 0  + + + + + + -  -  -  -  +
Y. e n t e r o c o l i t i c a  0 :9  + + + + -  + -
Y. e n t e r o c o l i t i c a  NCTC . . . .  .----------------------------- 10460 + + + + + + - -  - -  - -  -  + +
Y. e n t e r o c o l i t i c a  NCTC   . . ^ —■ ' + + + + + + + “ — + — + T*
10598 ~
Y. p s e u d o tu b e rc u lo s is  +
E . c lo a c a e
E . a lk a le s c e n s  -  -  -  -  -  -  -  -  -  -  -  -  -
E . c o l i  QC 21043/75 + + + + + + + + + + + + + + +
H. a l v e i
K. a e ro g e n e s  + + + + + + + + -  + + + + + +
RM b a c te r iu m  + + + + + + + + + + -  + + + +
S. typhim urium  + + + + + + + + + - -  + + + +
S . f l e x n e r i  -  + + + + —
S. so n n e i
+ = inhibition; + = weak inhibition; - = no inhibition.
GN agar are shown in Tables 32 and 33 respectively.
B ra in  H ea rt I n fu s io n  a g a r . The r e f e r e n c e  s t r a i n s  were r e s i s t a n t  to  a l l  
th e  dyes and  ch em ica ls  in c o rp o ra te d  in to  BHI a g a r  w ith  th e  e x c e p tio n  o f  
th o s e  shown i n  T ab le  3 2 . A ll  s t r a i n s  w ere s e n s i t i v e  to  b r i l l i a n t  g reen  
and sodium  a z id e  w ith  th e  e x c e p tio n  o f  S. typhim urium  w hich was p a r t i a l l y  
i n h i b i t e d  by th e  b r i l l i a n t  g re e n . The two Y e rs in ia  s p p . were b o th  
r e s i s t a n t  to  m a la c h ite  g reen  and  ta n n ic  a c id  b u t a l th o u g h  Y. e n te r o ­
c o l i t i c a  0 :3  was a l s o  r e s i s t a n t  to  c r y s t a l  v i o l e t  Y. e n t e r o c o l i t i c a  0 :9  
showed some s e n s i t i v i t y  to  t h i s  d y e . B oth Y e rs in ia  s t r a i n s  w ere in h ib ­
i t e d  by e u f la v in e .  P ro te u s  v u lg a r i s  was th e  o n ly  organism  t o  be even 
s l i g h t l y  s e n s i t i v e  to  m a la c h ite  g reen  and a l l  f o u r  P ro te u s  sp p . were 
i n h i b i t e d  by ta n n ic  a c i d .
GN a g a r . The t e s t  s t r a i n s  were a l s o  r e s i s t a n t  t o  a l l  t h e  dyes and  
ch em ica l a g e n ts  in c o rp o ra te d  in to  GN a g a r  w ith  th e  e x c e p tio n  o f  th o s e  
shown in  T ab le  33* A ll  th e  t e s t  s t r a i n s  w ere s e n s i t i v e  to  b o th  b r i l l i a n t  
g re e n  and sodium a z id e .  Both th e  Y e rs in ia  sp p . w ere s e n s i t i v e  t o  c r y s t a l  
v i o l e t ,  m a la c h ite  g re e n  and ta n n ic  a c i d ,  and r e s i s t a n t  t o  e u f la v in e  and 
p o ta ss iu m  ch ro m ate . Y e r s in ia  e n t e r o c o l i t i c a  0 :3  was p a r t i a l l y  i n h i b i t e d  
by m ethy lene  b lu e .  The f o u r  P ro te u s  sp p . were in h i b i t e d  by  ta n n ic  a c id  
and  showed v a r i a b le  s e n s i t i v i t y  t o  c r y s t a l  v i o l e t ,  m a la c h i te  g reen  and 
p o ta ss iu m  ch rom ate , and w ere r e s i s t a n t  t o  e u f la v in e  and  m ethy lene  b lu e .
i i .  E f f e c t  o f  dyes and  o th e r  chem ica l a g e n ts  in c o rp o ra te d  a s  a  g r a d ie n t
i n t o  d eo x y ch o la te  c i t r a t e  s u c ro s e  a g a r
A ll  th e  t e s t  s t r a i n s  w ere r e s i s t a n t  to  th e  dyes and  o th e r  a g e n ts  
e x c e p t f o r  th o s e  shown i n  T ab le  3 4 o S c o rin g  o f r e s u l t s  i n  T ab le  34 
i s  d i f f e r e n t  to  t h a t  in  T ab les  32 and  33 b e c a u se  t h i s  m ethod em ployed a  
d y e /ch em ica l g r a d ie n t  w hich p roduced  a  ran g e  o f  r e s u l t s .
Pseudomonas a e ru g in o sa  f a i l e d  to  grow and i s  re c o rd e d  a s  n o t t e s t e d .  
Y e r s in ia  e n t e r o c o l i t i c a  0 :3#  0 :6 ,3 0  and 0 :9  w ere a l l  r e s i s t a n t  to  
m a la c h ite  g re e n , m ethyl v i o l e t ,  n e u t r a l  r e d  and to l u id in e  b lu e  0 .
M a la c h ite  g re e n  was th e  s o le  a g e n t w hich had  any i n h i b i t o r y  e f f e c t  on 
any o f  th e  o th e r  t e s t  s t r a i n s .  A lthough  Y. p s e u d o tu b e rc u lo s is  was 
i n h i b i t e d  by  t h i s  dye so  to o  were P ro v id e n c ia  sp  . ,  H. a l v e i , E . a lk a ­
l e s c e n s , E . c lo a c a e , E. c o l i  and th e  fo u r  P ro te u s  s p .  The e f f e c t s  o f  
m a la c h ite  g re e n  on th e  t e s t '  s t r a i n s  a r e  i l l u s t r a t e d  i n  P la t e s  8 -1 1 .
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Plates 8-11 Effects of malachite green incorporated as a gradient into 
deoxycholate citrate sucrose agar
Plate 8. Y.enterocolitica 0:9 Plate 9. S .typhimurium 
Y.enterocolitica 0:3 Providencia sp.
Y.enterocolitica 0:6,30 H.alvei
Y.pseudotuberculosis E.alkalescens
Plate 10. K.aerogenes 
E .cloacae
P s .aeruginosa 
E.coli
Plate 11. Prot.mirabilis
Prot.vulgaris 
Prot.rettgeri 
Prot.morganii
c) Further studies on the effect of malachite green on the growth of
Y . e n te ro c o lit ic a  and o th e r organisms
These in v e s tig a tio n s  were made because o f the  p o te n t ia l  s e le c t iv i t y  
f o r  Y . e n te r o c o lit ic a  revea led  in  the e a r l ie r  experim entse
i .  The e f fe c t  o f  v ary in g  concentra tions  o f  m alach ite  green in co rp o ra ted  
in to  deoxycholate c i t r a t e  sucrose agar
The e ffe c ts  o f the vary in g  concentrations o f m alach ite  green is  shown 
in  Table  35 and P la te s  1 2 -1 3 .
The f o u r  s t r a i n s  o f  Y e rs in ia  sp p . to g e th e r  w ith  K. ae ro g e n es  a l l  
grew w ith o u t any  in h i b i t i o n  on each o f  th e  DCSA p lu s  m a la c h ite  g reen  
a g a r s .  In  c o n t r a s t  w h ils t  E. c lo a c a e , E. a l k a le s c e n s . E . c o l i , P r o t . 
v u lg a r i s ,  P ro v id e n c ia  s p . and P s . a e ru g in o sa  w ere n o t ic e a b ly  i n h i b i t e d  
on a l l  th e  a g a r s ,  H. a l v e i , P r o t .  m i r a b i l i s , P r o t .  -m organ ii and  P r o t . 
r e t t g e r i  were in h i b i t e d  o n ly  on DCSA c o n ta in in g  0 .0 0 4 $  m a la c h i te  g reen  
(DA a g a r )  and grew w ith o u t th e  s l i g h t e s t  i n h i b i t i o n  on DCSA p lu s  0 .0 0 2 $  
and on DCSA p lu s  0 .0 0 6$  m a la c h ite  g re e n . P la te s  12-15 c l e a r l y  i l l u s t r a t e  
th e s e  e f f e c t s  o f  th e  m a la c h i te  g reen  a g a rs  on Y. e n t e r o c o l i t i c a  0 :3*  E. 
c lo a c a e , P r o t .  r e t t g e r i  and  P ro v id e n c ia  sp.. r e s p e c t iv e l y .  T h is  
exp erim en t was re p e a te d  on two more o c c a s io n s  and  th e  r e s u l t s  were 
i d e n t i c a l .
i i .  Id e n t i f ic a t io n  o f the agent combining w ith  m alach ite  green to  
enhance in h ib i t io n
The re s u lts  o f the  in v e s t ig a t io n  are  shown in  Table 3&. The DCSA 
agar base p lu s  0 .0 0 4 $  m a lach ite  green had some e f fe c t  on the  growth o f 
E. c lo ac a e , E . a lk a le s c e n s , E . c o l i , P ro v id en c ia  sp. and S . typhim urium  
and DCSA agar base p lus  s o lu tio n  A and 0 .0 0 4 $  m alach ite  green a f fe c te d  
P ro v id en c ia  sp. o n ly . However DCSA ag ar p lus s o lu tio n  B (sodium  
deoxycholate) p lus m a lach ite  green had a v e ry  in h ib ito r y  e f fe c t  on the  
growth o f a l l  the te s t  s tra in s  except th e  Y e rs in ia  s p p ., H. a l v e i , P r o t . 
m organ ii and Ps. ae ru g in o sa .
i i i .  The d e te rm in a tio n  o f th e  range o f th e  in h ib i to r y  p ro p e rty  o f  
m alach ite  green/sodium  deoxycholate m ixture
The e f f e c t s  o f v a ry in g  c o n c e n tra t io n s  o f  m a la c h ite  g reen  and  sodium
t
deoxycholate on the  growth o f Y . e n te ro c o lit ic a  0 :3  and P ro t .  r e t t g e r i  
are shown in  Tables 37 and 38 re s p e c t iv e ly . Table 37 shows th a t  none
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o f th e  120 m a la c h ite  g reen /so d iu m  d eo x y ch o la te  com binations had  any 
e f f e c t  on th e  co lony  co u n ts  o f  Y. e n t e r o c o l i t i c a  0:3* T here was no 
a p p re c ia b le  d i f f e r e n c e  in  th e  co lo n y  s i z e  o b ta in e d  on th e  m a jo r i ty  o f 
th e  a g a rs  b u t th o s e  c o n ta in in g  more th a n  0 ,6  ml m a la c h ite  g reen  and  2 ml 
sodium d e o x y ch o la te  w ere on av erag e  1 ,5  ®n d ia m e te r  a s  opposed to  2 mm 
on th e  r e s t  o f  th e  a g a r s .
The p i c tu r e  shown in  T ab le  38 o f  th e  e f f e c t s  o f  th e  same m a la c h ite  
g reen /so d iu m  d e o x y ch o la te  co m b in a tio n s  on th e  grow th o f  P r o t .  r e t t g e r i  
i s  q u i te  d i f f e r e n t .  T here was a  v e ry  d i s t i n c t  c o r r e l a t i o n  betw een th e  
r a t i o  o f  m a la c h ite  g reen  to  sodium d e o x y c h o la te  and th e  i n h i b i t i o n  o f 
t h i s  s t r a i n .  The n o ra a l  c o n c e n tr a t io n  o f sodium d eo x y ch o la te  i n  DCSA 
(1 .5  com bined w ith  0 .3 -0 o 4  nil o f m a la c h i te  g reen  was th e  th r e s h ­
o ld  o f  th e  i n h i b i t i o n .  On th e  edges o f  t h i s  band  o f  i n h i b i t i o n  many 
o f th e  c o lo n ie s  w ere to o  sm a ll t o  co u n t a c c u r a te ly .
The co lo u r o f th e  u n in o cu la ted  a g a rs  v a r ie d  w ith  th e  com bination 
o f  m alach ite  green  and sodium deoxycholate b u t d e sp ite  t h i s  a l l  were 
shown to  be pH 7«5 (T able 39)* The c o lo n ia l  c h a r a c te r i s t i c s  o f Y. 
e n te r o c o l i t i c a  0 :3  and 0 :9  on DCSA + 0 .0 0 1 $  m alach ite  green  a re  
i l l u s t r a t e d  in  P la te s  16 and 17*
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Plates 16-17. Colonial characteristics of Y .enterocolitica on
deoxycholate citrate sucrose agar plus 0.004% w/v 
malachite green
Plate 16. Serotype 0:3
Plate 17. Serotype 0:9
D isc u ss io n
The i s o l a t i o n  o f  any pa th o g en  depends on e i t h e r  th e  c o lo n ia l  
d i f f e r e n t i a t i o n  from  o th e r  organ ism s which a re  a l s o  a b le  to  grow on a 
p a r t i c u l a r  medium o r  on s p e c i f i c  s e l e c t i v i t y  o f  th e  w anted o rgan ism .
None o f  th e  a g a r  media exam ined p roved  to  be th e  " id e a l ” medium f o r  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a .  Many o f  th e  a g a rs  grew s e v e r a l  o th e r  
b a c t e r i a  w hich had v e iy  s im i l a r  c o lo n ia l  c h a r a c t e r i s t i c s  to  Y. e n te ro ­
c o l i t i c a  and  o th e rs  f a i l e d  t o  grow Y e rs in ia  spp* B a rc la y  (1981) 
r e p o r te d  f in d in g  s im i la r  problem s in  h i s  r e c e n t  s tu d y  o f  some o f  th e  
common e n te r i c  a g a r s .  However, to  be a b le  to  make u se  o f a  medium 
which i s  a l re a d y  in  u se  f o r  o th e r  e n t e r i c  p a th o g e n s , d e s p i te  i t s  s h o r t ­
comings i s  somewhat p r e f e r a b le  t o  ad d in g  y e t  a n o th e r  medium to  th e  
a l re a d y  la r g e  v a r i e ty  w hich has to  be p re p a re d  by busy l a b o r a to r ie s *
Agar m edia. Bismuth s u lp h i t e  a g a r  w hich was fo rm u la te d  f o r  th e  
i s o l a t i o n  o f  S a lm o n ellae  h as  been recommended f o r  th e  i s o l a t i o n  o f 
Y. e n t e r o c o l i t i c a  by Hanna e t  a l . (l9 7 7 a)>  b u t th e  r e s u l t s  o f  th e  p r e s e n t  
s tu d y  showed t h i s  medium to  produce v e r y  poo r u n r e l i a b le  grow th o f  Y. 
e n t e r o c o l i t i c a  w h ichever b rand  was u sed  (T ab le  2 0 ) .
T h is s tu d y  a ls o  showed t h a t  th e r e  was c o n s id e ra b le  s t r a i n  v a r i a t i o n  
o f  Y. e n t e r o c o l i t i c a  on some o f th e  o th e r  a g a r s .  I t  was p a r t i c u l a r l y  
n o t ic e a b le  on DCA, MAC, LEE and SS a g a r s ,  a l l  o f  w hich c o n ta in  l a c to s e  
( P la te s  2 ,  3 , 6 , 7 ) .  Some s t r a i n s  o f  Y. e n t e r o c o l i t i c a  w ere l a c to s e
p o s i t i v e  and th e  c o lo n ie s  o f  th e s e  were g e n e r a l ly  much more opaque th a n  
th o s e  o f  th e  n o n - la c to s e  fe rm e n tin g  s t r a i n s .  ' T here was a l s o  some 
d i f f e r e n c e  i n  co lo n y  s i z e  b o th  betw een s t r a i n s  and  w ith in  th e  same 
c u l tu r e s .
A lthough s i z e  v a r i a t i o n  o c c u rre d  on la c to s e  su c ro s e  u re a  a g a r  (LSU) 
( P la t e  A) th e  c o lo n ia l  ap p ea ran ce  o f  Y. e n t e r o c o l i t i c a  on t h i s  medium 
was l e s s  v a r ia b le  th a n  on many o f  th e  o th e r  a g a r s ,  and  a f t e r  a  l i t t l e  
e x p e rie n c e  was seen  to  be  t r u l y  c h a r a c t e r i s t i c  o n ly  o f  Y. e n t e r o c o l i t i c a . 
The most u s e f u l  c h a r a c t e r i s t i c  o f  th e  grow th o f  Y. e n t e r o c o l i t i c a  on LSU 
a g a r  was th e  pungent sm e ll w hich was q u i te  u n lik e  t h a t  p rod u ced  by  any  
o th e r  o rgan ism . The d isa d v a n ta g e s  o f  LSU were th e  la r g e  number o f  
in g r e d ie n ts  (17) and th e  e s s e n t i a l  re q u ire m e n ts  o f  a  s p e c i f i c  b ran d  o f  
dyes (Merck) and o x y g e n -fre e  w a te r  f o r  i t s  p r e p a r a t io n .  However th e  
method d e s c r ib e d  s im p l i f ie d  th e  p r e p a r a t io n ,  and th e  d is a d v a n ta g e s  w ere
ou tw eighed  by th e  u s e fu ln e s s  o f th e  medium.
LEE a g a r  (Lee 1977) showed some o f  th e  w o rst s t r a i n  v a r i a t i o n s  o f
any o f  th e  m edia s tu d ie d  ( p l a t e  7)* Lee re c o g n iz e d  th a t  o th e r  organism s 
do p roduce l i p a s e  p o s i t i v e  c o lo n ie s  on h is  a g a r  and t h a t  some s t r a i n s  o f  
Y. e n t e r o c o l i t i c a  a r e  l i p a s e  n e g a t iv e ,  b u t he f a i l e d  to  r e p o r t  c o lo n ia l  
v a r i a t i o n  betw een s t r a i n s  o f  Y. e n t e r o c o l i t i c a .
W auters (1973) recommended th e  use  o f  S a lm o n e lla -S h ig e lla  p lu s  
d eo x y ch o la te  a g a r  b u t em phasized t h a t  i t s  u se  in  c o n ju n c tio n  w ith  
W au ters1 b ro th  was f o r  th e  i s o l a t i o n  o f s e ro ty p e s  0 :3  and 0 :9  o n ly .
T h is  s tu d y  (T ab le  24) showed t h a t  o th e r  s e ro ty p e s  o f Y. e n t e r o c o l i t i c a  
and th e  o th e r  e n te r o b a c te r ia  grew q u ite  w e ll  on th e  a g a r  b u t  th e  c o lo n ie s  
o f  s e ro ty p e s  0 :3  and  0 :9  w ere sm a ll  and th e r e  was l i t t l e  d i f f e r e n t i a t i o n  
betw een them and th e  o th e r  o rg an ism s. A c o n s id e ra b le  d isa d v a n ta g e  was 
th e  need  to  u se  a  m icroscope w ith  o b liq u e  l i g h t  to  i d e n t i f y  th e  b lu r r e d  
edge and g r a n u la r  c e n t r e  w hich W auters d e s c r ib e d  a s  c h a r a c t e r i s t i c  o f 
Y. e n t e r o c o l i t i c a  s e ro ty p e s  0 :3  and 0 :9 .  A s te r e o  m icroscope  a s  
su g g e s te d  by W auters was n o t a v a i l a b l e  and th e  use o f  an  o rd in a ry  p l a t e
m icroscope was ex trem ely  f a t i g u in g  and tim e  consum ing.
The a g a rs  s tu d ie d  f o r  c o lo n ia l  c h a r a c t e r i s t i c s  were n o t a l l  exam ined 
— q u a n t i t a t i v e l y  b ecau se  th e y  were made from  s im i la r  base  a g a rs  w ith  o n ly  
a d d i t io n a l  n o n - s e le c t iv e  in g r e d ie n ts  w hich would n o t be e x p e c te d  to  
a f f e c t  th e  q u a n t i t a t iv e  grow th o f  th e  s t r a i n s .  The q u a n t i t a t i v e  s tu d y  
(T ab le 25) confirm ed  th e  f in d in g  o f th e  q u a l i t a t i v e  s tu d y , t h a t  m ost o f  
th e  e n te r o b a c te r ia  grow a s  r e a d i ly  a s  Y. e n t e r o c o l i t i c a  on most o f  th e  
a g a rs  i n  g e n e ra l  use  and w hich w ith  few  e x c e p tio n s  in h i b i t e d  th e  Gram- 
p o s i t i v e  o rg an ism s.
Both p e c t in  and  sodium o x a la te  a g a rs  w ere s tu d ie d  o n ly  b r i e f l y .
The p e c t in  a g a r  was p a r t i c u l a r l y  d i f f i c u l t  to  make, r e q u i r in g  p e r s o n a l  
a t t e n t i o n  and p ro d u c tio n  i n  v e ry  sm a ll b a tc h e s .  Many o f  th e  d i f f e r e n t  
' ty p e s  o f  o rgan ism s found  in  fo o d  en richm en t c u l tu r e s  w ere a b le  to  grow . 
on bo th  p e c t in  and o x a la te  a g a r s  m aking o b s e rv a tio n  o f  any d i s t i n g u i s h in g  
f e a tu r e s  v e ry  d i f f i c u l t .  F o r th e se  re a s o n s  n e i t h e r  medium was v e iy  
s u i t e d  to  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  fo o d s .
B ro th  m ed ia . The m ethods so f a r  a p p l ie d  to  th e  i s o l a t i o n  o f  Y. e n te r o ­
c o l i t i c a  have in  th e  main in v o lv e d  th e  in c u b a t io n  o f  th e  b r o th  m edia a t  
4°C f o r  a n y th in g  from 6 -9  w eeks. Such le n g th y  p e r io d s  o f  in c u b a t io n  
n o t o n ly  make th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  in c o n v e n ie n t due to  th e  
la rg e  amount o f  r e f r i g e r a t o r  space  r e q u ir e d  b u t ,  i n  th e  ev en t o f  a
p o s s ib le  fo o d  p o s io n in g  o u tb re a k  makes th e  c o n f irm a tio n  o f such  an  
o ccu rren c e  e x tre m e ly  p r o t r a c te d ,  and th e  p o s s i b i l i t y  o f  any  r e a l i s t i c  
fo llo w -u p  work v i r t u a l l y  o u t o f  th e  q u e s tio n .  The e f f e c t  w hich d i f f e r e n t  
in c u b a tio n  te m p e ra tu re s  have on th e  growth o f  th e  re fe re n c e  organism s in  
th e  m edia was c a r r i e d  o u t w ith  th e  i n t e n t i o n  o f  t r y in g  to  sp eed  up th e  
i s o l a t i o n  tim e  by u s in g  a  h ig h e r  in c u b a tio n  te m p e ra tu re .
In  t h i s  s tu d y  i t  was shown t h a t  a t  l e a s t  tw o s t r a i n s  o f Y. e n te r o ­
c o l i t i c a  w ere n o t a b le  to  grow i n  e i t h e r  s e l e n i t e  c y s t in e  (F ig u re s  15 and  
16) o r  s e l e n i t e  F b ro th s  (F ig u re s  17 and 1 8 ) .  The rem a in in g  Y. e n te ro ­
c o l i t i c a  s t r a i n s  grew r a t h e r  more s lo w ly  in  s e l e n i t e  c y s t in e  th a n  th e  
o th e r  e n te r o b a c te r ia  and c o u ld  q u ic k ly  become overgrow n in  a  m ixed 
c u l t u r e .  S e le n i te  F b ro th  was a  l i t t l e  more en co u rag in g  in  so f a r  t h a t  
a t  30°C th e  s u rv iv in g  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  a c t u a l l y  grew f a s t e r  
th a n  th e  o th e r  o rgan ism s b u t a t  4°C t h i s  medium was l e t h a l  t o  b o th  s t r a i n s  
t e s t e d .
G ram -negative (GI\T) b ro th  ( F ig u re s  12 and 13) was s l i g h t l y  i n h i b i to r y  to  
a l l  th e  t e s t  s t r a i n s  and when in c u b a te d  a t  30°C Y e n t e r o c o l i t i c a  c o u ld  
be outgrow n by any  o th e r  b a c t e r i a  p r e s e n t .  However, when GN b ro th  was 
in c u b a te d  a t  4°C b o th  th e  Y e rs in ia  s t r a i n s  grew a lm o st a s  s t r o n g ly  a s  a t
30°C and a s  many o th e r  e n te r o b a c te r ia  a re  n o t a b le  to  grow a t  t h i s  tem p­
e r a tu r e  s e l e c t i o n  by low  te m p e ra tu re  in c u b a tio n  would p ro b a b ly  be th e  
most s u i t a b l e  method f o r  th e  u se  o f  t h i s  medium.
The grow th o f  b a c t e r i a  i n  ph o sp h a te  b u f fe re d  s a l in e  i s  dependan t 
upon s u f f i c i e n t  n u t r i e n t s  b e in g  s u p p lie d  by th e  specim en u n d er exam in a t­
io n .  The p r e s e n t  s tu d y  showed th a t  even  w ith o u t any  n u t r i e n t  b e in g  
p re s e n t  Y. e n t e r o c o l i t i c a  can  s u rv iv e ,  a l th o u g h  n o t grow , w ith o u t 
s i g n i f i c a n t  lo s s  o f  numbers f o r  up to  2 weeks (F ig u re  1 4 ) .
Many o f  th e  r e s u l t s  p re s e n te d  in  t h i s  s tu d y  a r e  s im i l a r  to  th o s e
r e c e n t ly  r e p o r te d  by  B a rc la y  (1 9 8 1 ). He a l s o  found  t h a t  some s t r a i n s
o f  Y. e n t e r o c o l i t i c a  c o u ld  n o t  be re c o v e re d  from  s e l e n i t e  F b r o th .  He
con firm ed  e x p e r im e n ta lly  t h a t  when m ixed w ith  o th e r  o rganism s i t  was
d i f f i c u l t  to  i s o l a t e  Y. e n t e r o c o l i t i c a  from  GN b ro th  in c u b a te d  a t  35°C
a lth o u g h  i s o l a t i o n  was q u ite  p o s s ib le  from  th e  same medium in c u b a te d  a t
4°C . B a rc la y  in c u b a te d  h i s  b ro th  m edia a t  35°C even though  i t  i s
ow id e ly  re c o g n iz e d  t h a t  Y. e n t e r o c o l i t i c a  grows b e t t e r  a t  30 C o r  lo w er
and  t h i s  may have e f f e c t e d  th e  re c o v e ry  o f  th e  o rgan ism . W auters*
o
b ro th  h as  b een  recommended f o r  in c u b a tio n  a t  22 C b u t th e  r e s u l t s  i n  
t h i s  s tu d y  in d i c a te  t h a t  t h i s  may n o t b e  v e ry  good. The grow th o f
Y. e n t e r o c o l i t i c a  was m arkedly s lo w e r a t  22°C (F ig u re  20 ) th a n  a t  30°C 
(F ig u re  1 9) w here th e y  grew s l i g h t l y  more q u ic k ly  even th a n  th e  o th e r  
e n t e r o b a c te r i a .  I t  was n o te d  t h a t  some o f th e  o th e r  e n te r o b a c te r ia  
d id  n o t grow in  t h i s  medium. In c u b a tio n  o f  W au te rs1 b ro th  a t  4°C 
(F ig u re  20) c o u ld  n o t be  recommended a s  n e i th e r  s t r a i n s  o f Y. e n te r o ­
c o l i t i c a  grew d u r in g  th e  p e r io d  o f  th e  e x p e rim en t.
Some s u r p r i s in g  r e s u l t s  were o b ta in e d  from  supp lem en ted  ( s o r b i t o l  
and b i l e  s a l t s )  p h o sp h a te  b u f f e r  (F ig u re  2 7 ) .  In  t h i s  medium Y. e n te r o ­
c o l i t i c a  0 :3  grew v e ry  p o o r ly  and d ie d  o u t r a p id ly  a t  30°C b u t t h i s  d id  
n o t o c c u r  a t  th e  lo w er in c u b a tio n  te m p e ra tu re s .  Mehlman e t  a l . (1978) 
had  r e p o r te d  t h i s  medium to  be more s e n s i t i v e  th a n  p h o sp h a te  b u f f e r e d  
s a l i n e  and c a p a b le  o f  e n r ic h in g  Y. e n t e r o c o l i t i c a  when l e s s  th a n  1000 
c e l l s /m l  were p r e s e n t  in  n a t u r a l l y  c o n ta m in a te d  p o rk , and when app rox ­
im a te ly  1000 c e l l s /m l  o f  a  c l i n i c a l  i s o l a t e  were p r e s e n t  i n  an  
a r t i f i c i a l l y  in o c u la te d  pork  sam p le , t h a t  s t r a i n  c o u ld  a l s o  be  re c o v e re d .
As was e x p e c te d  grow th i n  b u f fe re d  pep tone (F ig u re  21) was v e ry  
s im i la r  t o  t h a t  i n  M I  (F ig u re s  10 and  1 1 ) .
The u t i l i z a t i o n  o f  media w hich a re  a l r e a d y  em ployed f o r  th e  i s o l a t i o n  
o f  o th e r  organ ism s has c e r t a i n  ad v a n ta g e s  b e s id e s  k eep in g  down th e  work 
lo a d  o f  th e  l a b o r a to r y .  A ll to o  f r e q u e n t ly  m ed ia , e s p e c i a l l y  e n r ic h ­
ment b r o th s ,  can  rem ain  unused  on la b o ra to r y  s h e lv e s  f o r  m onths. T h is 
i s  p a r t i c u l a r l y  t r u e  i f  a  p ro c e d u re  i s  c a r r i e d  o u t on ly  i n t e r m i t t e n t l y .  
D uring th e  s to ra g e  p e r io d  d e t e r io r a t i o n  can  o ccu r and b a tc h  v a r i a t i o n  i s  
l i a b l e  t o  o ccu r even w ith  d eh y d ra te d  p ro d u c ts  b u t a  medium p re p a re d  from  
raw in g r e d ie n ts  i n  a  l a b o r a to r y ,  w h e th er i t  be  by one la b o r a to r y  a s s i s t ­
a n t  in  th e  c o rn e r  o f  th e  room o r  i n  a  s p e c i a l l y  equ ip p ed  m edia d ep artm en t, 
i s  p o t e n t i a l l y  more p rone  to  problem s th a n  com m ercial m a n u fa c tu re . The 
r e s u l t s  o f th e  s tu d y  on b a tc h  v a r i a t io n s  and e f f e c t s  o f  p ro lo n g e d  s to r a g e  
em phasize one o r  two im p o rta n t p o in t s .  B ra in  H ea rt In fu s io n  (F ig u re  23) 
rem ained  s t a b l e  d u r in g  p ro lo n g ed  s to ra g e  b u t f r e s h l y  made b a tc h e s  o f  G-N 
b r o th  (F ig u re  24) were fo u n d  to  be s l i g h t l y  more i n h i b i to r y  th a n  th e  
s to r e d  b a tc h e s .  T his was p resum ably  b eca u se  th e  sodium d e o x y c h o la te  
had d e t e r io r a t e d  d u rin g  s to r a g e .  One b a tc h  o f  t h i s  p a r t i c u l a r  medium 
had been s to r e d  f o r  22 months and n e i th e r  s t r a i n  o f  Y. e n t e r o c o l i t i c a  
s u rv iv e d  even 6 h in c u b a t io n .  W hether t h i s  was cau sed  by d e t e r i o r a t i o n  
d u r in g  th e  ex ten d ed  s to r a g e  tim e  o r  t h a t  th e  b a tc h  o f  d e h y d ra te d  powder 
was u n s a t i s f a c to r y  co u ld  n o t be  d e te rm in ed  a s  none cf th e  powder rem a in ed . 
However, i t  does em phasize th e  im portance o f  ch eck in g  new b a tc h e s  o f
powder b e fo re  u s e .  T his o f  co u rse  means hav ing  a la r g e  enough s to c k  
o f  powder o f  any one b a tc h  to  make t e s t i n g  p r a c t ic a b l e  y e t  n o t h av in g  
so much t h a t  i t  s i t s  on th e  la b o ra to r y  s h e lv e s  so  lo n g  t h a t  i t  a l s o  
h as  tim e  to  d e t e r i o r a t e .
B u ffe re d  pep tone w a te r  (F ig u re  25 ) was made from  raw  in g r e d ie n ts  
and i t  was n o t p o s s ib le  i n  t h i s  s tu d y  t o  d e te rm in e  w h e th e r b a tc h  A, i n  
w hich Y. e n t e r o c o l i t i c a  grew v e ry  s lo w ly , had  d e t e r io r a t e d  d u r in g  th e  
10 m onths s to r a g e  o r  was u n s u i ta b le  from  th e  tim e  o f  p ro d u c tio n  becau se  
e a r l i e r  co lo n y  co u n ts  had  n o t b e e n  c a r r i e d  o u t .  T his a g a in  em phasizes 
th e  need  f o r  c a r e f u l  ch ec k in g  a t  th e  tim e  o f p r e p a r a t io n  o f such  m ed ia .
New medium. A m ic r o b io l o g i s t 's  dream o f  th e  " id e a l"  a g a r  medium i s  one 
w hich i s  c a p a b le  o f  s e l e c t i n g ,  w ith o u t any  in h i b i t i o n ,  th e  w anted 
pa th o g en  w h i ls t  t o t a l l y  in h i b i t i n g  a l l  o th e r  o rg an ism s. T here a r e  few  
m edia which come n e a r  to  m atch ing  up t o  t h i s  d e s c r ip t io n  and  c e r t a i n l y  
when t h i s  p r o je c t  was begun even few er m edia a c t u a l l y  fo rm u la te d  w ith  
Y. e n t e r o c o l i t i c a  in  m ind. Because o f  t h i s  la c k  o f  a  r e a l l y  s u i t a b le  
medium f o r  the i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  in v e s t ig a t io n s  w ere begun 
w ith  th e  aim  o f  e i t h e r  m od ify ing  an e x i s t i n g  medium o r  fo rm u la tin g  a  
new on e . — —
The s e l e c t i v i t y  o f  a  medium i s  u s u a l ly  a t t a in e d  by in c o rp o r a t in g  
d y e s , ch em o th e rap e u tic  a g e n ts  o r  o th e r  ch em ica l a g e n ts  i n  to  a  b a se  
medium. T here were no r e p o r ts  in  th e  l i t e r a t u r e  o f  any  s tu d ie s  o f  th e  
e f f e c t s  o f  dyes o r  o th e r  ch em ica ls  on th e  grow th o f  Y. e n t e r o c o l i t i c a  
b u t b e fo re  p ro c e e d in g  w ith  such an in v e s t ig a t io n  i t  seemed r e le v a n t  to  
examine a l l  th e  r e f e r e n c e  s t r a i n s  f o r  an tag o n ism . E a r ly  in  1975 i t  
had  been r e p o r te d  (Thomas, p e rs o n a l  com m unication) t h a t  a  s t r a i n  o f  
S . f l e x n e r i  4 a  had  been i n h i b i t e d  by a  s t r a i n  o f  E . c o l i . T hese two 
organ ism s had been mixed to g e th e r  in  a  s im u la te d  f a e c a l  specim en and 
s e n t o u t n a tio n w id e  by  th e  FHLS M ic ro b io lo g ic a l Q u a li ty  C o n tro l Lab­
o r a to r y .  T h is was fo llo w e d  a  few m onths l a t e r  by th e  f in d in g  o f  a  
s t r a i n  o f  S . so n n e i b e in g  in h i b i t e d  by S . h a d a r . The E. c o l i  21043/75 
and  S . so n n e i w ere in c lu d e d  i n  th e  r e f e r e n c e  s t r a i n s  f o r  t h i s  p r o j e c t .  
The in h i b i t i o n  o f  e n t e r i c  p a thogens e i t h e r  by  o th e r  e n t e r i c  p a th o g en s  
o r  in d e e d  o th e r  members o f  th e  E n te ro b a c te r ia c e a e  i s  n o t unknown, a  few  
r e p o r t s  have a p p e a re d  in  th e  l i t e r a t u r e  betw een 1 947 and 1 9^9 b u t  th e r e  
w ere none r e l a t i n g  to  Y. e n t e r o c o l i t i c a , p ro b a b ly  b ecau se  i t  was b a r e ly  
c o n s id e re d  t o  b e  a p a th o g en  a t  t h a t  t im e .
A lthough in  th e  l i v e  c u l tu r e s  exam ined in  t h i s  s tu d y  on n u t r i e n t
m edia an tagonism  was n o t e v id e n t when young c u l tu r e s  w ere s tr e a k e d  
a c ro s s  th e  o r ig i n a l  grow th l i n e  o f  k i l l e d  organism s some o f th e  s t r a i n s  
w ere i n h i b i t e d .  T h is  an tag o n ism  was much more d e f in e d  on s e l e c t i v e  
a g a r  e s p e c i a l l y  DCSA (T ab le  31) where th e r e  was s tro n g  in h i b i t i o n  o f  a l l  
th e  Y. e n t e r o c o l i t i c a  s t r a i n s  by E. c o l i , K. a e ro g e n e s . RM b a c te riu m  
(Y. r u c k e r i ) and  S . t.yphim urium . A l l  th e s e  s t r a i n s  in c lu d in g  Y. e n te ro ­
c o l i t i c a  a ls o  i n h i b i t e d  th e m se lv e s . The cau se  o f t h i s  i n h i b i t i o n  was 
n o t c l e a r  b u t i t  co u ld  n o t be a t t r i b u t e d  to  e i t h e r  a c id  p ro d u c tio n  from  
th e  f e rm e n ta t io n  o f  l a c to s e  a n d /o r  su c ro s e  b ecau se  n e i th e r  RM b a c te riu m  
n o r  S. typhim urium  fe rm e n ted  th e s e  s u g a r s ,  o r  to  th e  p re se n c e  o f b a c t e r io ­
phage a s  th e s e  w ere n o t seen  i n  th e  ex p erim en ts  w ith  l i v e  c u l t u r e s .
O ther work (n o t r e p o r te d  in  t h i s  t h e s i s )  c a r r i e d  o u t w ith  f u r t h e r  s t r a i n s  
o f  S h ig e l la ,  showed t h a t  th o s e  i n f e c te d  w ith  phage p roduced  p la q u e s  on
th e  law ns o f  grow th  o f  c e r t a i n  s t r a i n s .
A f u r t h e r  p o s s i b i l i t y  i n  th e  s e a rc h  f o r  an  e x p la n a tio n  o f  an tagon ism  
i s  th e  p ro d u c tio n  o f  b a c t e r io c i n s .  However, a lth o u g h  th e  use and  
p ro d u c tio n  o f  b a c t e r io c in s  i s  w e ll docum ented th e re  a p p e a rs  to  be no 
r e p o r t s  o f  b a c t e r i a  b e in g  a n ta g o n is t i c  a g a in s t  th e m se lv e s . None o f  th e  
e a r ly  w orkers re c o rd e d  such e f f e c t s  ( G ra t ia  & F re d e r ic q  1946; F re d e r ic q  
e t  a l . 1946; G ardner 19505 A bbott & Shannon 1958) n o r  d id  th o s e  con­
ce rn e d  p r im a r i ly  w ith  th e  co n cep t o f  an tagon ism  (Wynne & Norman 1953; 
H entges 1967 , 1969; H a lb e r t  1 9 4 8 ).
H entges (1 969) s u g g e s te d  t h a t  v o l a t i l e  a c id s  form ed by E . c o l i  i n  
a mixed c u l tu r e  were b a c t e r io c i d a l  to  S h ig e l la  b u t th a t  th e  a c id s  from  
fe rm e n ta t io n  o f  l a c to s e  and s u c ro s e  d id  n o t e f f e c t  t h a t  o rg an ism .
The p o s s i b i l i t y  o f  an tagon ism  m ust be borne i n  mind when c o n s id e r in g  
a  new a g a r  medium. P athogens may be p r e s e n t  on th e  medium i n  sm a ll 
num bers, e s p e c i a l l y  when s u b -c u l tu re d  by  th e  d i r e c t  p l a t i n g  m ethod , and
even som etim es from  en richm en t m ed ia , and th e  lo s s  o f  e v e n  one co lo n y
c o u ld  cau se  a  m is -d ia g n o s is .
The r a n g e  o f  dyes and  chem icals a v a i la b l e  was u n f o r tu n a te ly  l im i t e d  
and th e  r e f e r e n c e  o rgan ism s were r e s i s t a n t  to  th e  m a jo r i ty  o f th e  a g e n ts  
exam ined. However th e r e  was a  sm a ll number w hich showed v a r i a b le  i n ­
h i b i t i o n  o f  th e  t e s t  s t r a i n s  and o f th e s e  m a la c h ite  g reen  in c o rp o r a te d  
in t o  DCSA a g a r  was th e  o n ly  a g en t to  \d iich  Y. e n t e r o c o l i t i c a  was 
r e s i s t a n t  w h i ls t  many o f  th e  o th e r  r e f e r e n c e  o rganism s were s e n s i t i v e  
(T ab le  3 4 ) .
M a la c h ite  g reen  i s  u sed  in  a  few  media c u r r e n t ly  in  u s e ,  th e  b e s t
known i s  p ro b a b ly  R a p p a p o rt’s b ro th  f o r  th e  i s o l a t i o n  o f  S a lm o n ella  and 
o f  which W au te rs1 b ro th  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  i s  a 
m o d if ic a t io n .  T here  a re  many e a r ly  r e p o r ts  o f th e  u se  o f m a la c h ite  
g reen  in c o rp o ra te d  in t o  a g a r  m edia f o r  th e  i s o l a t i o n  o f  S. t.yphi 
(Padlew sky 1908; Peabody & P r a t t  1908; S c h in d le r  1909; G aehtgens & 
B ru ck n er 1910; B a r th  1 9 2 8 ). I t  was shown t h a t  a t  a  n e u t r a l  pH an 
optimum c o n c e n tr a t io n  o f  m a la c h ite  g reen  co u ld  be a t t a in e d  w here S. t.yph i 
was a b le  to  grow f r e e l y  b u t E . c o l i  was in h i b i t e d .
The zo n ing  o f th e  in h i b i to r y  e f f e c t  o f  m a la c h ite  g re e n  in  DCSA 
(T ab le  35) and  th e  su b se q u en t d is c o v e ry  o f  i t s  r e l a t i o n s h ip  to  sodium 
d eo x y ch o la te  (T ab le  36) a s  shown in  t h i s  p r e s e n t  s tu d y  was s i g n i f i c a n t  
and  o f  p a r t i c u l a r  i n t e r e s t .  A se a rc h  o f  th e  l i t e r a t u r e  re v e a le d  t h a t  
L e ifso n  (1935) c a r r i e d  o u t an  e x te n s iv e  s tudy  o f  th e  e f f e c t s  o f  sodium 
d eo x y ch o la te  d u r in g  h i s  re s e a rc h e s  to  fo rm u la te  a  new medium f o r  th e  
i s o l a t i o n  o f  s a lm o n e lla e ,  th e  fo re ru n n e r  o f t h e  DCA a g a r  s t i l l  i n  u se  
to d a y . He made vague r e f e r e n c e s  t o  th e  f a c t  t h a t  sodium d e o x y c h o la te  
w i l l  combine w ith  chem ica ls  w hich have one o r  more m ethyl g roups and i s  a l s o  
a b le  to  combine w ith  v a r io u s  dyes and in d i c a to r s  such a s  m eth y len e  b lu e ,  
g e n t ia n  v i o l e t ,  f u c h s in ,  n e u t r a l  r e d  and bromo thym ol b lu e .  L e ifso n  made 
no m ention o f  m a la c h ite  g reen  o r  any  a tte m p t to  in v e s t ig a t e  th e  u se  o f  
t h i s  phenomenon f o r  th e  i s o l a t i o n  o f  p a th o g e n s .
In  summary, no one medium e i t h e r  a g a r  o r  b r o th ,  o ld  o r  new, s to o d  
o u t a s  b e in g  p a r t i c u l a r l y  s u i t a b le  f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  
from  fo o d s . However, l a c to s e  su c ro se  u re a  a g a r  was seen  t o  have some 
p o t e n t i a l  because  o f  th e  d i s t i n c t  c h a r a c t e r i s t i c s  o f  Y. e n t e r o c o l i t i c a  
on t h i s  medium.
I n v e s t ig a t io n s  to  fo rm u la te  a  new medium re v e a le d  t h a t  when 
m a la c h i te  g reen  and sodium  d eo x y ch o la te  was combined in  c e r t a i n  con­
c e n t r a t i o n s  an  a g e n t was form ed which was i n h ib i to r y  to  many e n te r o ­
b a c t e r i a  b u t  n o t to  Y. e n t e r o c o l i t i c a .
D. Isolation and identification of Yersinia enterocolitica
from  fo o d s  and o th e r  m a te r ia ls  
In t ro d u c t io n
I s o l a t i o n  m ethods
The th r e e  b a s ic  methods w hich have been  u sed  f o r  th e  i s o l a t i o n  o f 
e n t e r i c  p a th o g en s  from  fo o d s  and o th e r  m a te r ia ls  a r e :  d i r e c t  p l a t i n g ,
d i r e c t  e n r ic h m e n t, and p re -e n r ic h m e n t.
D ire c t  p l a t i n g  m ethod. G e n e ra lly  th e  numbers o f  e n t e r i c  p a th o g en s 
e x p e c te d  to  be found  in  food  sp ec im en s , i s  a t  l e a s t  s e v e r a l  o rd e rs  o f  
m agnitude l e s s  th a n  in  specim ens from  a c u te  c l i n i c a l  c a se s  o f  human 
i n f e c t i o n  and th e r e f o r e  th e  d i r e c t  p l a t i n g  te c h n iq u e  i s  o f  l i t t l e  v a lu e .  
K apperud & Jo n sso n  (1976) and  S ee ly e  & Y earbury  (1979) did. r e c o v e r  Y. 
e n t e r o c o l i t i c a  by  t h i s  m ethod from  t r o u t  and  b e e f  r e s p e c t iv e l y .  The 
l a t t e r  w o rkers d id  n o t ,  how ever, r e c o v e r  th e  o rgan ism  u n t i l  a p p ro x im a te ly  
10,000  o rg a n ism s/g  w ere p r e s e n t  w hich was o n ly  a f t e r  A weeks s to r a g e  o f 
th e  b e e f .
D ire c t  en rich m en t m ethod. The d i r e c t  en richm en t method i s  g e n e r a l ly
employed f o r  sam ples l i k e l y  to  'c o n ta in  la r g e  numbers o f  n o n -p a th o g e n ic
c o n ta m in a tin g  organ ism s and h as  been  u sed  s u c c e s s f u l ly  f o r  th e  i s o l a t i o n
o f  Y. e n t e r o c o l i t i c a  f o r  w hich a  w ide ra n g e  o f  b ro th  m edia, in c u b a t io n
tim e s  and te m p e ra tu re s  have been  recommended. P hosphate  b u f f e r e d  s a l i n e ,
how ever, has  in v a r i a b ly  been  in c u b a te d  a t  4°C f o r  a n y th in g  from  3
weeks to  1 y e a r  ( B o tz le r  e t  a l . 1976; Fukushim a e t  a l . 1979; A lonso
e t  a l . 1979; P e ix o t to  e t  a l . 1979)* O c c a s io n a lly  o th e r  m edia such  a s
cooked m eat, y e a s t  e x t r a c t - c a s e in  c y s t in e  b ro th  (Fukushim a e t  a l . 1 9 7 9 ),
op ep to n e  w a te r  and m a n n ito l b r o th  have a l s o  been  em ployed a t  4  C, w hereas 
v a r io u s  s e l e n i t e  b ro th s  and W au te rs ' b ro th  have been  found  more s u c c e s s ­
f u l  when in c u b a te d  a t  22°-25°C .
In  com parisons o f  th e  d i r e c t  p l a t i n g  and d i r e c t  en rich m en t m ethods 
L e i s tn e r  e t  a l . (1975) re c o v e re d  50 s t r a i n s  o f  Y. e n t e r o c o l i t i c a  from  
215 sam ples o f  raw  m eat th ro u g h  d i r e c t  en rich m en t b u t  none by  d i r e c t  
p l a t i n g .  I n  c o n t r a s t  S a a r i  & Jan sen  (1979) re c o v e re d  89 i s o l a t e s  o f  
Y. e n t e r o c o l i t i c a  from  u n c o n c e n tra te d  r i v e r  w a te r  by d i r e c t  p l a t i n g  and 
a  f u r t h e r  51 s t r a i n s  th ro u g h  en rich m en t.
P re -e n ric h m e n t m ethod. C o n f l ic t in g  r e s u l t s  have a l s o  been  o b ta in e d  
from  com parisons o f  d i r e c t  en richm en t and p re -e n r ic h m e n t te c h n iq u e s .
Schiemann (1 980a) made 54 i s o l a t i o n s  o f  Y. e n t e r o c o l i t i c a  from  63 
sam ples o f  raw p o rk  th ro u g h  d i r e c t  enrichm ent b u t in  an e a r l i e r  s tu d y  
o f  raw m ilk  h i s  maximum re c o v e ry  was o b ta in e d  from  W au ters1 b ro th  
a f t e r  p re -e n ric h m e n t in  pho sp h ate  b u f f e r e d  s a l i n e  (Schiem ann & Toma 
1 9 7 8 ).
C h a r a c te r iz a t io n  o f  Y. e n t e r o c o l i t i c a
The c h a r a c te r i z a t i o n  o f Y. e n t e r o c o l i t i c a  in c lu d e s :  b io c h e m ic a l
c l a s s i f i c a t i o n ;  a n t i b i o t i c  s u s c e p t i b i l i t y  p a t t e r n s ;  and  s e r o lo g i c a l  
i d e n t i f i c a t i o n .
B iochem ica l c l a s s i f i c a t i o n . The b io c h em ic a l c l a s s i f i c a t i o n  has been  
v e ry  co n fu sed  b ecau se  ta x o n o m is ts  have been  undecided  a s  to  th e  
i d e n t i f i c a t i o n  and d i f f e r e n t i a t i o n  o f  t r u e  Yc e n t e r o c o l i t i c a  and  th e  
Y. e n t e r o c o l i t i c a - l i k e  o rg an ism s. R e c e n tly  th e  p o s i t i o n  was somewhat 
c l a r i f i e d  by  an  in t e r n a t i o n a l  group o f  w orkers who have c l e a r l y  d e f in e d  
Y0 e n t e r o c o l i t i c a  s e n su  s t r i c t o  (B e rc o v ie r  e t a l . 1 9 8 0 a ) , and a l s o  named 
th r e e  new s p e c ie s ,  Y. k r i s t e n s e n i i  (B e rc o v ie r  e t  a l . 1 9 8 0 b ), Y. in te rm e d ia  
(B ren n er e t  a l . 1980) and Y. f r e d e r i k s e n i i  (U rsin g  e t  a l . 1 9 8 0 ) . 
U n fo r tu n a te ly  t h i s  c l a s s i f i c a t i o n  has n o t y e t  been  o f f i c i a l l y  a c c e p te d  by 
th e  I n t e r n a t io n a l  Committee on S y s te m a tic  B a c te r io lo g y . F ou r schemes 
have a l s o  been  d e s c r ib e d  f o r  th e  b io ty p in g  o f  Y. e n t e r o c o l i t i c a  (N ileh n  
1969b; W auters 1970; Knapp & T h a i 1973; B e rc o v ie r  e t  a l .  1980a) and 
a r e  b ased  on such  t e s t s  a s  l e c i t h i n a s e  ( l i p a s e ) ,  in d o le ,  and  fe rm e n ta t io n  
o f  x y lo s e ,  a e s c u l in  and s a l i c i n .  These schemes a r e  a l s o  th e  s u b je c t  o f  
much d isa g re e m e n t.
A n t ib io t ic  s u s c e p t i b i l i t y  p a t t e r n s . I t  has  been su g g e s te d  t h a t  th e r e  
m ight be  a  c o r r e l a t i o n  betw een a n t i b i o t i c  s u s c e p t i b i l i t y  p a t t e r n s  and 
s p e c i f i c  b io c h em ic a l c h a r a c t e r i s t i c s  b u t th e r e  i s  no r e a l  e v id en ce  to  
su p p o r t t h i s .  C o n f l ic t in g  p a t t e r n s  have been r e p o r te d  by d i f f e r e n t  
w orkers (N ileh n  1967; C h e s te r  & S to tz k y  1976; R aevuori e t  a l . 1 9 7 8 ) . 
T here i s  e v id e n c e , how ever, to  su g g e s t t h a t  some te m p e ra tu re  r e l a t e d  
v a r i a t io n s  do o ccu r (K ouw atli e t  a l . 1979)•
S e ro lo g ic a l  i d e n t i f i c a t i o n . At th e  p re s e n t  tim e 57 Y. e n t e r o c o l i t i c a  
110" a n t ig e n s  have been  re c o g n iz e d . The r e l a t i o n s h i p ,  i f  an y , betw een 
s e r o lo g i c a l  ty p e  and p a th o g e n ic i ty  in  humans i s  a s  co n fu sed  a s  th e  b io ­
ch em ica l c l a s s i f i c a t i o n .  A lthough  s e ro ty p e s  0 :3  (W au ters1 b io ty p e s  3 
o r  4 ) and 0 :9  (W auters* b io ty p e  2) a r e  p red o m in an tly  a s s o c ia te d  w ith  
human d is e a s e  o th e r  s e ro ty p e s  in c lu d in g  0 : 5 , 2 7 , 0 : 6 ,30  and 0 :8  w hich may
be W a u te rs1 b io ty p e s  1 ,  2 o r  3 have a l s o  been  im p lic a te d  w ith  
in c r e a s in g  fre q u e n c y .
In c id e n c e  o f Y. e n t e r o c o l i t i c a  i n  fo o d s
The i s o l a t i o n  o f  Y, e n t e r o c o l i t i c a  from  fo o d s and o th e r  m a te r ia ls  
h a s  been  r e p o r te d  from  many p a r t s  o f  th e  w o rld . By f a r  th e  l a r g e s t  
number o f  i s o l a t i o n s  have been  from  raw m eats in c lu d in g  p o u l t r y ,  p o rk , 
b e e f  and  lamb ( L e is tn e r  e t  a l , 1975; G -uthertz e t  a l . 1976; Hanna e t  a l .
1976; Schiemann 1 980a; N orberg 1 9 8 1 ). Y e r s in ia  e n t e r o c o l i t i c a  has 
a ls o  been  i s o l a t e d  w ith  in c r e a s in g  f re q u e n c y  from  d a iry  p ro d u c ts  in ­
c lu d in g  raw  and  p a s te u r iz e d  cow*s m ilk , g o a t f s m ilk ,  ch ee se  and  ic e  cream  
(A ldova e t  a l . 1975; Schiemann & Toma 1978; Schiemann 1978a; Hughes 
1979 , 1 9 8 0 ). O ccas io n a l i s o l a t i o n s  have been  made from  sea fo o d s  such  
a s  m u sse ls , brown t r o u t ,  o y s te r s ,  c ra b s  and  sh rim ps (Spadaro  & I n f o r tu n a  
1968; K apperud & Jo n sso n  1976; P e ix o t to  e t  a l c 1 9 7 9 ). M o lla re t  e t  a l . 
(1979 ) a l s o  r e p o r t s  i s o l a t i o n s  from  v e g e ta b le s  and s a la d  i n g r e d i e n t s .
A lthough se ro ty p e  0 :3  has been  i s o l a t e d  from  po rk  p ro d u c ts  o th e r  
s e ro ty p e s  more commonly found  in  foods in c lu d e  0 : 5 ; 0 : 5 >2 7 ; 0 : 6 , 3 0 ;
0 : 8 ; 010K1 and 0 :1 4 .
Methods
1 . Comparisons o f methods and m edia f o r  th e  i s o l a t i o n  o f Y e r s in ia  
e n t e r o c o l i t i c a  from  a r t i f i c i a l l y  and  n a t u r a l l y  co n ta m in a te d  fo o d s  
and o th e r  m a te r ia ls
a .  N a tu ra l ly  and a r t i f i c i a l l y  co n tam in a ted  a n im a l f e e d  -  S tudy  1
The m ethods s tu d ie d  w e re :-
E nrichm ent P re -en ric h m en t
The b ro th  m edia s tu d ie d  w ere :—
B ra in  H ea rt In fu s io n  b ro th  (BHl) P hosphate  b u f fe re d  s a l i n e  (PS)
B u ffe re d  pep to n e  w a te r  (BP) W auters* b ro th  (WB)
ON b ro th  (&N)
The in c u b a tio n  te m p e ra tu re s  s tu d ie d  w e re :-  
4 ° ,  2 2 ° , 30°C.
Preparation of animal feed
Ten sam ples o f  an im al f e e d  (m eat and  bone m e a ls ) , w hich had  been 
re c e iv e d  r o u t in e ly  in t o  th e  Pood H ygiene L a b o ra to ry , w ere mixed 
to g e th e r  th o ro u g h ly  t o  g iv e  one un ifo rm  sam ple ( P l ) D
i .  E xam ination  o f  n a t u r a l l y  c o n tam in a ted  an im al f e e d  ( F I )
The a g a r  media s tu d ie d  w e re :-
D eoxychola te  c i t r a t e  a g a r  (DCA) Lee a g a r  (LEE)
D eoxycho la te  c i t r a t e  s u c ro s e  a g a r  (DCSA) S a lra o n e lla -S h ig e lla  a g a r  (SS)
Method
T w en ty -fiv e  g o f  t h e  an im al f e e d  ( F I ) was p la c e d  i n t o  each  o f  th e
en rich m en t b ro th s  and  in c u b a te d  a s  shown i n  T ab le 4 0 .
T ab le  40
B ro th  m edia f o r  th e i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a
from  n a t u r a l l y  and  a r t i f i c i a l l y  co n tam in a ted  an im al f e e d
_ _  _ — -- . — - — ----------
Number Q u a n tity In c u b a t io n  te m p e ra tu re s
Medium o f  j a r s ml p e r  j a r °C
B u ffe re d  pep tone 3 225 4 ,  2 2 , 30
B ra in  H ea rt In fu s io n 3 225 4 ,  2 2 , 30
GN b r o th
100 4 ,  2 2 , 30
L 3 225 4 ,  2 2 , 30
P hosphate  b u f fe re d  
s a l i n e
1 100 4
W auters* b ro th
i l
100 2 2 , 30
L 3 225 4 ,  2 2 , 30
The b ro th  c u l tu r e s  in c u b a te d  a t  4°C w ere r e t a in e d  f o r  up to  42 days 
and s u b -c u l tu re d  a t  w eek ly  i n t e r v a l s . Those a t  22°C were r e t a in e d  f o r  
up to  15 days and s u b -c u l tu re d  a f t e r  1 , 3$ 4  and  15 days and th o s e  a t  
30°C w ere r e t a in e d  f o r  up t o  4  days and  s u b -c u l tu re d  a f t e r  1 an d  4  d ay s . 
The 225 ml b ro th  c u l tu r e s  (w ith  th e  e x c e p tio n  o f th e  W auters* b r o th )  
w ere u sed  as  p re -e n ric h m e n t m edia and a f t e r  3 days in c u b a tio n  10  ml o f  
each was t r a n s f e r r e d  to  100 ml W auters* b ro th  in c u b a te d  a t  22°C f o r  15
days and  s u b -c u l tu re d  a f t e r  1 and 15 d a y s . The b ro th s  in c u b a te d  a t
22° and 30°C were i n i t i a l l y  s u b -c u l tu re d  to :  one DCA p l a t e  in c u b a te d
a t  4°C f o r  14 d ay s; two LEE a g a r  p l a t e s  in c u b a te d  a t  4 °  and 22°C f o r
14 days and 2 days r e s p e c t iv e ly ;  and  one SS a g a r  p l a t e  in c u b a te d  a t .  30°C f o r  2
d ay s . A f te r  th e  f i r s t  s u b - c u l tu r e  DCSA p la t e s  were s u b s t i t u t e d  f o r
th e  DCA p l a t e  a t  4°C an d  th e  SS a g a r  p l a t e  a t  30°C.
The b ro th  c u l tu r e s  a t  4°C were a l s o  s u b -c u l tu re d  to  a g a r  p l a t e s  a s  
d e s c r ib e d  above and in  a d d i t io n  a  f u r t h e r  DCSA p la t e  was in c lu d e d  and 
in c u b a te d  a t  22°C f o r  2 d a y s .
I d e n t i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a
C o lo n ies  s u sp e c te d  o f b e in g  Yc e n t e r o c o l i t i c a  were f u r t h e r  sub­
c u l tu r e d  a s  d e s c r ib e d  on page 220 .
i i .  E xam ination  o f  a r t i f i c i a l l y  c o n tam in a ted  an im al f e e d  (P2)
The r e f e r e n c e  s t r a i n s  s tu d ie d  w ere :-  
Y. e n t e r o c o l i t i c a  0 :3
The a g a r  m edia s tu d ie d  w e re :-  
D eoxychola te  c i t r a t e  s u c ro s e  a g a r  (DCSA)
In o c u la t io n  o f  an im al f e e d
O vern igh t b ro th  c u l tu r e s  o f  th e  r e f e r e n c e  s t r a i n s  were d i l u t e d  ( s e e
g
page 82 ) to  g iv e  app rox im ate  c o n c e n tr a t io n s  o f  1 .5  x  10 Y. e n t e r o c o l i t i c a  
0 : 3 /n il and  5*75 x 10^ Y. e n t e r o c o l i t i c a  0:.6 , 3 0 /m l.
A s in g le  10 g sam ple o f  th e  hom ogenized an im al f e e d  ( P I ) was in o c u la te d  
w ith  0 C06  ml o f  b o th  o f  th e  t e s t  s t r a i n s ,  m ixed v e ry  th o ro u g h ly  w ith  a  
s t e r i l e  s p a tu la  and  th e n  added  to  a n o th e r  100 g o f  an im al f e e d  ( E l ) .
T h is  i n  tu r n  was th o ro u g h ly  m ixed and  10 g o f  t h i s  hom ogenate was added  
to  a f u r t h e r  100 g o f  th e  an im al f e e d .  T h is  was a g a in  m ixed w e ll and 
th e  p ro ced u re  re p e a te d  once more to  o b ta in  a p p ro x im a te ly  9 c e l l s  o f 
Y. e n t e r o c o l i t i c a  0 :3 /g  and 3 .4  c e l l s  o f  Y. e n t e r o c o l i t i c a  0 :6 ,3 0 /g  (E 2 ),
Method
T w en ty five  grams o f th e  a r t i f i c i a l l y  co n tam in a ted  an im al f e e d  (F2)
was p la c e d  in t o  each  o f th e  en rich m en t b ro th s  and in c u b a te d  a s  shown in
T ab le  4 0 . The b ro th  c u l tu r e s  a t  4°C w ere r e t a in e d  f o r  up to  42 days
o(6  w eeks) and s u b -c u l tu re d  a t  w eekly i n t e r v a l s ,  th o s e  a t  22 C w ere
Y. e n t e r o c o l i t i c a  0 :6 ,3 0
Lee a g a r  (LEE)
r e t a in e d  f o r  7 days and s u b -c u l tu re d  a f t e r  1 , 3  and 7 days and  th o s e  a t  
30°C w ere r e t a in e d  f o r  3 d ay s  and s u b -c u l tu re d  a f t e r  1 and  3 d a y s .
In  a d d i t io n  th e  225 ml b ro th  c u l tu r e s  (w ith  th e  e x c e p tio n  o f  W auters* 
b ro th )  w ere u sed  a s  p re -e n r ic h m e n t m edia and a f t e r  3 days a t  22° and 30°C 
and 7 days a t  4°C 10 ml o f  each  was t r a n s f e r r e d  to  100 ml W auters* b r o th ,  
in c u b a te d  a t  22°C f o r  up to  42 days and  s u b -c u l tu re d  a f t e r  1 , 3  and 7 
d a y s , and th e n  a t  w eekly i n t e r v a l s .
Each o f  th e  b ro th  c u l tu r e s  was s u b -c u l tu re d  to  th r e e  d eo x y ch o la te  
c i t r a t e  s u c ro se  a g a r  p l a t e s  and  two LEE a g a r  p l a t e s  f o r  in c u b a tio n  a t  
4°C f o r  14 days and  22° and 30°C (DCSA o n ly ) f o r  2 d ay s .
I d e n t i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a
C o lo n ies  su sp e c te d  o f  b e in g  Y. e n t e r o c o l i t i c a  were s u b -c u l tu re d  a s  
d e s c r ib e d  on page 220 .
As o u ts id e  f a c i l i t i e s  w ere n o t a v a i la b l e  a t  th e  tim e  o f  t h i s  s tu d y  
f o r  th e  com plete  s e r o lo g ic a l  i d e n t i f i c a t i o n ,  s l i d e  a g g lu t in a t io n  was 
c a r r i e d  ou t u s in g  s e ra  s u p p lie d  by th e  Y e rs in ia  R eferen ce  L a b o ra to ry
(s e ro ty p e s  0 :3  and  0 :6 ,3 0 ) .
b .  Comparison o f  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  194
fo o d s  and  o th e r  m a te r ia ls  -  S tudy 2
The method s tu d ie d  w a s :-
The d i r e c t  en richm en t te c h n iq u e
The b ro th  m edia s tu d ie d  w e re :-
B ra in  H e a r t In fu s io n  b ro th  (EHl) in c u b a te d  a t  30°C f o r  14 days 
B u ffe re d  p ep to n e  w a te r  (BP) in c u b a te d  a t  4°C f o r  6 weeks 
GN b r o th  (GN) in c u b a te d  a t  30°C f o r  14 days 
W auters* b ro th  in c u b a te d  a t  30°C f o r  14 d a y s .
The a g a r  m edia s tu d ie d  w ere :~
D eoxyehola te  c i t r a t e  su c ro se  a g a r  (DCSA) in c u b a te d  a t  30°C f o r  2 days 
Lee a g a r  (LEE) in c u b a te d  a t  22°C f o r  2 days
The 194 sam ples exam ined w e re :-  
Animal f e e d  -  m eat and bone m eal (41) Swabs from  cow, p ig  and  lamb
C heese, H allourai ty p e  (3 ) c a rc a s s e s  (96)
C oconut, d e s ic c a te d  (20) Swabs from  s la u g h te rh o u se
P raw ns, f ro z e n  cooked (20) sew ers (14)
Sam pling
The an im al f e e d ,  c h e e se , prawns and coconut had  been  re c e iv e d  in to  
th e  la b o r a to r y  f o r  r o u t in e  ex am in a tio n  f o r  sa lm o n e lla  and o th e r  
o rg an ism s. The an im al c a r c a s s  swabs were sam pled a t  a  l o c a l  s la u g h te r ­
house f o r  th e  e x p re ss  p u rp o se  o f  exam ining  f o r  th e  p re se n c e  o f Y. 
e n t e r o c o l i t i c a . As each  c a rc a s s  was washed some o f  th e  w a te r  d ra in in g  
from  th e  neckend was ab so rb e d  on to  a  c o t to n  wool th r o a t  swab w hich was
th e n  r e tu r n e d  to  the  la b o r a to r y  and exam ined w ith in  2-3  h .
The sew er swabs were ta k e n  from  th e  o u ts id e  d ra in s  o f  th e  same 
s la u g h te rh o u se  f o r  a  p e r io d  o f  4 w eek s-d u rin g  November and December 1978. 
T r ip le  pads o f  gauze were suspended  f o r  7 days i n  th e  d r a in s  s e rv in g  th e  
lo a d in g  b a y , th e  s l a u g h t e r h a l l ,  th e  o u ts id e  h o ld in g  c o r r a l s ,  th e  
e n tra n c e  ramp in to  th e  l a i r a g e ,  th e  e x i t  o f  th e  s a v e - a l l  ta n k  and th e  
f o u l  sew er from  th e  s lau g h te rm en * s t o i l e t s .
L a b o ra to ry  ex am in a tio n
Animal f e e d  b a tc h  A, 25 g q u a n t i t i e s  o f  15 an im al fe e d s  w ere in c u b a te d
a t  30°C in  225 ml BHI and GN b r o th s .
Animal fe e d s  b a tc h  B (2 6 ) ,  ch ee se  (3 ) and f ro z e n  cooked prawns (2 0 ) ,  25 g 
were in c u b a te d  a t  4°C f o r  6 weeks in  225 ml BP and a t  30°C f o r  14 days 
in  BHI and  WB b r o th s .
Coconut ( 2 0 ) ,  25 g .w ere  in c u b a te d  a t  4°C f o r  6 weeks i n  225 ml BP.
o
C arcass sw abs. The swabs w ere b roken o f f  and each  in c u b a te d  a t  4  C in  
10 ml BP.
Sewer sw abs. The s t r i n g  h o ld in g  th e  th r e e  la y e r s  o f  gauze was rem oved
and each  l a y e r  c u t i n to  two p o r t io n s ,  each  o f  th e  p o r t io n s  w eighed
a p p ro x im a te ly  25 g when soaked  w ith  w a te r  and d e b r i s .  The p o r t io n s  o f  
gauze were in c u b a te d  a t  4°C f o r  6 weeks i n  225 ml BP and a t  30°C f o r  
14 days i n  BHI and W  b r o th s .
S u b -c u l tu r e . Each o f  th e  4°C en rich m en ts  was s u b - c u l tu re d  to  DCSA and
. o ,
LEE a g a r  p l a t e s  a f t e r  1 , 3  and  6 weeks and th e  30 C en rich m en ts  w ere sub­
c u l tu r e d  to  DCSA and LEE a g a r  a f t e r  1 , 2 , 7  and 14 d ay s .
I d e n t i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a
C o lo n ies  su sp e c te d  o f b e in g  Y. e n t e r o c o l i t i c a  were f u r t h e r  sub­
c u l tu r e d  and i d e n t i f i e d  a s  d e s c r ib e d  on page 220.
c. Comparison of media for the isolation of Y* enterocolitica from
raw m eats -  S tudy  3
The method s tu d ie d  w a s :-
D ire c t  en richm en t te c h n iq u e
The b ro th  m edia s tu d ie d  w e re :-
B ra in  H ea rt In fu s io n  b ro th  (BHI) in c u b a te d  a t  30°C f o r  2 days 
B u ffe re d  p ep to n e  w a te r  (BP) in c u b a te d  a t  4°C f o r  6 weeks
The a g a r  media s tu d ie d  w e re :-
D eoxycho la te  c i t r a t e  su c ro se  (DCSA) a g a r  in c u b a te d  a t  30°C f o r  2 days 
L a c to se  su c ro se  u re a  (LSU) a g a r  in c u b a te d  a t  30°C f o r  2 days 
Lee a g a r  (LEE) in c u b a te d  a t  22°C f o r  2 days
The 272 sam ples exam ined w e re :-
B eef m ince (86)
B e e f , v a r io u s  c u ts  in c lu d in g  s tew in g  s te a k ,  b la d e ,  to p s id e ,  s k i r t ,  chuck 
s te a k  and  s h in  (3 3 )
Pork  m ince (4 )
P o rk , v a r io u s  c u ts  in c lu d in g  chops an d  b e l ly  (3 2 )___________________________
S au sag es , m a in ly  p o rk  b u t some meat unknown (16)
P o rk , m e c h a n ic a lly  deboned (100)
Lamb, m ince (1 )
Sam pling
E xcept f o r  th e  m e c h a n ic a lly  deboned p o rk  th e  sam ples w ere r e c e iv e d  
a s  p a r t  o f  a  su rv e y  o f  l o c a l  b u tc h e rs  meat and p r im a r i ly  exam ined f o r  th e  
p re se n c e  o f  C am pylobacter sp p .
The m e c h a n ic a lly  deboned po rk  sam ples w ere re c e iv e d  p r im a r i ly  f o r  th e  
ex am in a tio n  o f  g e n e ra l b a c t e r i o l o g i c a l  q u a l i ty  and  w ere c o l l e c t e d  from  
f o u r  p ro c e s s in g  p la n t s  i n  d i f f e r e n t  p a r t s  o f  th e  c o u n try .
L a b o ra to ry  ex am in a tio n
B eef mince ( 69 )» b e e f  c u ts  (21)»  pork  m ince (4)»  p o rk  c u ts  ( 2 8 ) ,  sau sag es  
(14 ) and  lamb m ince (1 ) ,  25 g o f  each  w ere in c u b a te d  a t  4°C f o r  6 weeks
i n  225 ml BP and s u b -c u l tu re d  to  DCSA and LEE a g a rs  a f t e r  1 , 3  and  6 
weeks*
B eef m ince ( 1 1 ) ,  b e e f  c u ts  ( 6 ) ,  p o rk  c u ts  (2 ) and sau sag e  ( 1 ) .  25 g o f  
each  were in c u b a te d  a t  4°C f o r  6 weeks in  225 ml BP and s u b - c u l tu r e d  to
LSU and LEE a g a rs  a f t e r  1 , 3 and 6 w eeks.
Beef mince ( 6 ) ,  b e e f  c u ts  ( 6 ) ,  pork  c u ts  (2 ) and sau sag e  ( 1 ) ,  25 g o f
o
each  were in c u b a te d  a t  30 C f o r  2 days i n  225 nil BUI and s u b -c u l tu re d  
to  LSU and LEE a g a rs  a f t e r  1 and 2 d a y s .
M ech an ica lly  deboned pork  (1 0 0 ) ,  100 g o f  each  were hom ogenized i n  a
S tom acher (Sew ard L td ) w ith  100 ml o f  q u a r te r - s t r e n g th  R in g e r s o lu t io n
(R S). The b u lk  o f  each hom ogenate was r e q u ir e d  f o r  o th e r  ex am in a tio n s
o rso o n ly  1 ml o f  each was in c u b a te d  a t  4  C f o r  6 weeks i n  10 ml BP and 
s u b -c u l tu re d  to  DCSA and LEE a g a rs  a f t e r  1 , 3  and 6 w eeks.
I d e n t i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a
C o lo n ies  s u sp e c te d  o f  b e in g  Y. e n t e r o c o l i t i c a  were f u r t h e r  sub­
c u l tu r e d  and  i d e n t i f i e d  a s  d e s c r ib e d  on page 220.
d . Comparison o f  m ethods and  m edia f o r  th e  i s o l a t i o n  o f  Y. e n te r o ­
c o l i t i c a  from  b u lk e d  m e c h a n ic a lly  deboned po rk  and m isc e lla n e o u s  
v e g e ta b le s  -  S tudy  A
The m ethods s tu d ie d  w e re : -
D ire c t  en rich m en t P re -e n ric h m e n t
The b ro th  m edia s tu d ie d  w ere :-
B u ffe re d  p ep to n e  w a te r  (BP) in c u b a te d  a t  4°C f o r  6 weeks
P h osphate  b u f f e r e d  s a l i n e  (PS) in c u b a te d  a t  4°C f o r  6 weeks
/ \ oW auters* b ro th  (WB) p re - e n r ic h e d  from  BP and PS and in c u b a te d  a t  22 C
f o r  5 days
The a g a r  m edia s tu d ie d  w e re :-
D eoxychola te  c i t r a t e  su c ro se  a g a r  (DCSA)
D eoxychola te  c i t r a t e  su c ro se  m a la c h ite  g re e n  a g a r  (D4)
L a c to se  su c ro se  u rea  a g a r  (LSU)
O oEach o f  th e s e  a g a rs  was in c u b a te d  a t  30 C f o r  48 h .
Lee a g a r  (LEE) in c u b a te d  a t  22°C f o r  48 h .
Sam pling
The unhomogenized rem ains o f  th e  100 m e c h a n ic a lly  deboned po rk  
sam ples (S tudy  3) which had been s to r e d  f ro z e n  f o r  20 weeks w ere b u lk e d  
and hom ogenized to  form  23 l a r g e r  sam p le se
The 13 v e g e ta b le s  were re c e iv e d  a s  p a r t  o f  a s p e c ia l  su rv ey  on
th e  g e n e ra l  b a c t e r io l o g ic a l  q u a l i ty  o f  f r e s h  v e g e ta b le s .
L a b o ra to ry  ex am in a tio n
T w en ty -fiv e  gram o f  each  sam ple were in c u b a te d  a t  4°C f o r  6 weeks 
in  225 ml BP and 225 ml PS and s u b -c u l tu re d  a f t e r  1 , 3  and 6 weeks on
t o  DCSA, D4, LSU and  LEE a g a r s .
A f te r  2 weeks in c u b a t io n  10 ml o f each  o f  th e  b ro th  c u l tu r e s  w ere 
t r a n s f e r r e d  t o  100 ml WB, in c u b a te d  a t  22°C f o r  5 days and s u b -c u l tu re d  
t o  DCSA, D4, LSU and LEE a g a rs  a f t e r  5 d a y s .
I d e n t i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a
C o lo n ies  s u sp e c te d  o f  b e in g  Y. e n t e r o c o l i t i c a  w ere f u r t h e r  sub­
c u l tu r e d  a s  d e s c r ib e d  on page 220.
e .  Com parison o f  b ro th  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  
from  503 m isc e lla n e o u s  foods and o th e r  m a te r ia ls  -  S tudy  5
The b r o th  m edia s tu d ie d  w e re :-
B ra in  H e a rt I n fu s io n  b r o th  (BHl) in c u b a te d  a t  30°C f o r  2 days 
B u ffe re d  pep tone  w a te r  (BP) in c u b a te d  a t  4°C f o r  3 weeks and  a l s o  a t  
30°C f o r  2 days 
GN b ro th  (GN) in c u b a te d  a t  30°C f o r  2 days
P hosphate  b u f f e r e d  s a l i n e  (PS) in c u b a te d  a t  4°C f o r  3 weeks and  a l s o  
a t  30°C f o r  2 days 
Supplem ented p h o sp h a te  b u f f e r  (s) in c u b a te d  a t  4°C f o r  3 weeks
The a g a r  medium s tu d ie d  w a s :-  
L ac to se  s u c ro se  u re a  a g a r  (LSU)
The fo o d s  exam ined w e re :-
Cream, u l t r a  h e a t  t r e a t e d  (4 )
M ilk , p a s te u r iz e d  ( 67)
Y oghurt (1 )
E ggs, c la y  (1 )
E ggs, d r ie d  (15 )
Sausages (2 6 )
C h ick en s, raw f ro z e n  (101) ( S a lm o n e lla  su rv ey )
T urkey  (2 )
C ockles , raw (49) (S u rv ey , b a c t e r io l o g ic a l  q u a l i ty )
P raw ns, f ro z e n  cooked (30)
S hrim ps, d r i e d  (7 )
Animal f e e d ,  m eat and  bone m eal (98)
C oconut, d e s ic c a te d  and f ro z e n  (16)
Ham, cooked (1 )
M in era l w a te rs  ( 5 )
S p ic e s  (20) (S u rv ey , b a c t e r io l o g ic a l  q u a l i ty )
S u rfa c e  w a te rs  (4 )
V eg e ta b les  (5 6 ) (S u rv ey , b a c t e r io l o g ic a l  q u a l i ty )
Sam pling
Except f o r  th o s e  shown a s  o th e rw ise  in  th e  above l i s t  th e  sam ples 
w ere re c e iv e d  f o r  r o u t in e  b a c t e r io l o g ic a l  e x am in a tio n .
L a b o ra to ry  ex am in a tio n
A ll  sam ples e x c e p t cooked ham and s p i c e .  25 g w ere in c u b a te d  i n  
d u p l ic a te  225 ml BP and PS ( r e p l i c a t e s  a t  4°C f o r  3 weeks and  30°C f o r  
2 d a y s ) ,  s in g le  100 ml GN and BHI ( a t  30°C f o r  2 days) and  in  th e  l a t e r  
s ta g e s  o f  th e  s tu d y  a l s o  in  s in g le  225 ml S ( a t  4°C f o r  3 w eek s).
Ham, 25 g was in c u b a te d  o n ly  in  BP a t  4°C .
S p ic e , 10 g w ere in c u b a te d  i n  d u p l ic a te  100 ml BP and PS ( r e p l i c a t e s
a t  4°C f o r  3 weeks and 30°C f o r  2 days) and s in g le  40 ml GN and BHI 
b ro th s  in c u b a te d  a t  30°C f o r  2 d ay s .
S u b -c u ltu re
A ll  en richm en t c u l tu r e s  w ere s u b -c u l tu re d  to  LSU a g a r ,  th o s e  in c u b ­
a te d  a t  4°C a f t e r  1 ,  2 and 3 weeks and  th o se  a t  30°C a f t e r  1 an d  2 days
I d e n t i f i c a t i o n  o f  Y. e n t e r o c o l i t i c a
C o lo n ies  s u sp e c te d  o f  b e in g  Y. e n t e r o c o l i t i c a  w ere s u b - c u l tu r e d  an d  
i d e n t i f i e d  a s  d e s c r ib e d  on page 220.
f . A d d it io n a l  la b o ra to ry  ex am in a tio n s  o f  p a s te u r iz e d  m ilk  r e c e iv e d  f o r  
S tudy  5
i .  P h o sp h a ta se  t e s t
I n  a d d i t io n  to  th e  exam ination  f o r  Y. e n t e r o c o l i t i c a , 31 o f  th e  67 
p a s te u r iz e d  m ilk s  were a l s o  t e s t e d  f o r  th e  p h o sp h a ta se  r e a c t io n .  The 
m ilk s  b o t t l e d  by th r e e  d a i r i e s ,  London C o -o p e ra tiv e  S o c ie ty  ( 1 0 ) ,  
E x p ress  D a iry  (11 ) and U n igate  D a ir ie s  (1 0 ) ,  were d e l iv e r e d  to  t h r e e
members o f  th e  la b o ra to r y  s t a f f  and sam pled d a i ly  betw een 2 2 . 7 .8 0  and 
30 .7 .8 0 c  The m ilk  was k e p t o v e rn ig h t i n  th e  r e f r i g e r a t o r  b e fo re  
e x a m in a tio n , ex ce p t a t  th e  weekend when i t  was s to r e d  f o r  up to  3 d ay s . 
On a r r i v a l  a t  th e  la b o ra to r y  20 ml w ere removed a s c o p t i c a l l y  from  each 
b o t t l e  and u sed  f o r  th e  p h o sp h a ta se  t e s t .
The t e s t  (G rea t B r i t a in  19^3) .  The m ilk  was a llo w ed  to  warm to  room 
te m p e ra tu re  and  5 ml b u f f e r - s u b s t r a t e  ( s e e  page 77 ) was t r a n s f e r r e d  to  
a t e s t  tu b e ,  th e  tu b e  s to p p e re d  and  th e  s u b s t r a t e  warmed t o  37°C (w a te r  
b a t h ) .  One ml o f  m ilk  was added  to  th e  b u f f e r  s u b s t r a te  and  th e  tu b e  
in c u b a te d  a t  37°C f o r  2 h .  A b la n k  was p re p a re d  u s in g  b o i le d  m ilk . 
A f te r  in c u b a t io n  th e  tu b e s  w ere mixed w e ll  and th e  c o lo u r  com pared w ith  
Lovibond co m p ara to r d is c  APTW.
I n t e r p r e t a t i o n  o f  t e s t . A re a d in g  o f  10 ^ig o r  l e s s  p—n itro p h e n y l/m l o f  
m ilk  was deemed s a t i s f a c t o r y  and  in d ic a te d  th a t  th e  m ilk  had  been  
s u f f i c i e n t l y  p a s te u r i z e d .
i i .  Most p ro b a b le  number (MPN) Y. e n t e r o c o l i t i c a
Two o f  th e  31 m ilk  sam ples (exam ined f o r  p h o sp h a ta se  r e a c t io n )  were 
a l s o  exam ined f o r  th e  most p ro b a b le  number (MPN) o f Y. e n t e r o c o l i t i c a  
p e r  g . The method was a d a p te d  from th e  A m erican te c h n iq u e  f o r  th e  
q u a n t i t a t iv e  e s t im a t io n  o f  S a lm onella  i n  e g g s .
B u ffe re d  pep to n e  w a te r  (BP) was d i s t r i b u t e d  in to  screw  capped  j a r s  
and m ilk  added a s  f o l lo w s :— S e r ie s  A = 3 j a r s  each c o n ta in in g  90 ml BP 
p lu s  10 ml m ilk ; S e r ie s  B = 3 j a r s  each  c o n ta in in g  9 ml BP p lu s  1 ml
m ilk ; S e r ie s  C = 3 j a r s  each c o n ta in in g  9 ml BP p lu s  0.1  ml m ilk .
The j a r s  were in c u b a te d  a t  4°C f o r  3 w eeks and s u b - c u l tu re d  to  
l a c to s e  su c ro s e  u re a  a g a r  a f t e r  1 , 2  and 3 w eeks.
The MPN Y. e n t e r o c o l i t i c a  p e r  ml was c a lc u la te d  a c c o rd in g  to  t h e
t a b l e  a d a p te d  from  H osk ins (1934) ( s e e  Appendix I ) .
2 . C h a r a c te r iz a t io n  o f i s o l a t e s  from  n a t u r a l l y  co n tam in a ted  foods and 
o th e r  m a te r ia ls
a 0 B iochem ica l c h a r a c te r i z a t i o n
i .  S c reen in g  o f  s u s p ic io u s  c o lo n ie s
A ll c o lo n ie s  s u sp e c te d  o f  b e in g  Y. e n t e r o c o l i t i c a  were s u b - c u l tu r e d  
t o  th e  fo llo w in g  m e d ia :-
G lucose p ep to n e  w a te r  s u g a r  (G lue FWS) P h e n y la la n in e  a g a r  s lo p e  (PPA) 
MacConkey a g a r  (MAC) Urea s lo p e  (U rea)
The m edia were in c u b a te d  a t  30°C f o r  72 h .
i i .  F u l l  b io c h em ic a l i d e n t i f i c a t i o n
U sing a  s t r a i g h t  w ire  th e  p resu m p tiv e  Y. e n t e r o c o l i t i c a  i s o l a t e s  
w ere in o c u la te d  i n to  th e  fo llo w in g  m e d ia :-
P ep tone w a te r  su g a rs  c o n ta in in g ; a d o n i to l ,  a r a b in o s e ,  c e l lo b io s e ,  
d u l c i t o l ,  g ly c e ro l  i n o s i t o l ,  i n u l i n ,  l a c to s e ,  m a lto s e , m a n n ito l ,  
m e lib io s e ,  r a f f i n o s e ,  rham nose, s a l i c i n ,  s o r b i t o l ,  s u c ro s e ,  
t r e h a lo s e  and x y lo se  ( a c id  p ro d u c t io n ) ,  n u t r i e n t  a g a r  ( c a t a l a s e ) ,  
Simmon’s c i t r a t e  ( u t i l i z a t i o n  o f  c i t r a t e ) ,  a rg in in e .,  l y s in e  and 
o r n i th in e  d e c a rb o x y la se , g e l a t i n ,  p ep to n e  w a te r  ( i n d o l e ) ,  t/ftf. 
a g a r  ( l i p a s e ) ,  m alonate  b r o th ,  m o t i l i t y  medium (3 7 °  and 2 2 °C ), 
g lu c o se  p h o sp h a te  b ro th  (MR and V o g e s -P ro sk a u e r) , n i t r a t e  b ro th  
( n i t r a t e  r e d u c t io n ) ,  ONPG b ro th  and Hugh and L e ifso n  medium 
( o x id a t io n /fe rm e n ta t io n )o
A ll th e  m edia w ere in c u b a te d  a t  22°C f o r  up to  7 days ( g e l a t i n  14 
d a y s ) U n le s s  o th e rw ise  s t a t e d .
b e A n t ib io t ic  s e n s i t i v i t y  p a t te r n s
U sing th e  method d e s c r ib e d  on page 86 th e  s e n s i t i v i t y  p a t t e r n s  o f  
137 Y e rs in ia  i s o l a t e s  (126 Y. e n t e r o c o l i t i c a , 9 Y. in te rm e d ia  and 2 Y. 
f r e d e r i k s e n i i ) w ere d e te rm in ed  a g a in s t  Oxoid M u lto d isc s  U4 and  725E 
(s e e  page 77 ) and s in g le  s e n s i t i v i t y  d i s c s  f u r a z o l id in e  100 f ig ,  
neom ycin 30 /*g and s u lp h a t r i a d  300 yug. The p l a t e s  w ere in c u b a te d  o v e r­
n ig h t  a t  30°C . One p l a t e  was a l s o  seeded  w ith  th e  a n t i b i o t i c  c o n t r o l  
E. c o l i  NCTC 10418 and a l s o  in c u b a te d  a t  30°Ce
c .  S e ro lo g ic a l  i d e n t i f i c a t i o n
The i s o l a t e s  s u sp e c te d  o f  b e in g  Y. e n t e r o c o l i t i c a  were s e n t  to  th e  
Y e rs in ia  R e fe re n c e  L a b o ra to ry  (84  i s o l a t e s )  and l a t e r  to  th e  D iv is io n  
o f  E n te r ic  P a th o g en s (156  i s o l a t e s )  f o r  c o n f irm a tio n  and s e r o lo g ic a l  
ty p in g .
i. A comparison of the serological typing results obtained from two
l a b o r a to r i e s  u s in g  d i f f e r e n t  m ethods
E ig h ty - fo u r  i s o l a t e s  were exam ined by b o th  th e  HiLS Y e rs in ia  
R efe ren ce  L a b o ra to ry , which c a r r i e d  o u t s e r o lo g ic a l  ty p in g  u s in g  un­
steam ed a n t ig e n  s u sp e n s io n s ,  and th e  D iv is io n  o f  E n te r ic  Pathogens 
which used  a n t ig e n  su sp e n s io n s  steam ed f o r  £  h .
i i .  S ero lo g y  o f  30 n o n -ty p a b le  (unsteam ed) i s o l a t e s
The n o n - ty p a b le  (unsteam ed) s t r a i n s  exam ined w e re :-
Y. e n t e r o c o l i t i c a  Y1; Y29; Y42; Y44; Y45; Y46; Y47; Y48;
Y49; Y5 0 ; Y5 1 ; Y52; Y53; Y54; Y55; Y56; Y57; Y$8; Y59;
Y60 ; y 62 ; y68; Y73; Y74; Y75; Y77; Y78; Y79; Y94; Y99.
S era  were p re p a re d  in  r a b b i t s  u s in g  th e  fo llo w in g  n o n - ty p a b le  i s o l a t e s  
w hich were chosen  b ecau se  o f  t h e i r  v a r ie d  b io c h em ic a l c h a r a c t e r i s t i c s : —
Ye e n t e r o c o l i t i c a  Y1 Y. e n t e r o c o l i t i c a  Y47
Y. e n t e r o c o l i t i c a  Y29 Y. e n t e r o c o l i t i c a  Y73
P re p a ra t io n  o f  s e ra
Each o f  th e  fo u r  s t r a i n s  was grown i n  H a r t le y  D ig es t b ro th  a t  22°C 
f o r  48 h ,  c e n t r i f u g e d  and  re su sp e n d e d  i n  10 ml norm al s a l i n e .  The 
su sp e n sio n s  w ere th e n  steam ed  f o r  2^  h ,  w ashed th r e e  tim e s  i n  s t e r i l e  
s a l in e  and f i n a l l y  re su sp e n d e d  in  12 ml norm al s a l i n e .  Each r a b b i t  
re c e iv e d  f i v e  in o c u la t io n s  d u rin g  a  4  week p e r io d  a s  f o l lo w s :  -
0 .5  m l, 6 day i n t e r v a l  1 m l, 5 day i n t e r v a l  1 m l, 6 day i n t e r v a l  2 m l, 
5 day i n t e r v a l  2 m l.
The r a b b i t s  were r e s t e d  f o r  5 days th e n  40 ml o f  b lo o d  c o l l e c t e d  from  
each one from  th e  e a r  v e in .  T h is  was re p e a te d  5 days l a t e r  and th e n  a f t e r  
a f u r t h e r  5 days th e y  w ere b le d  o u t .  On each o c c a s io n  th e  b lo o d  was 
a llo w e d  to  c l o t  and th e  serum  removed and p o o led  a f t e r  th e  f i n a l  b le e d  
o u t .
P re p a ra t io n  o f  a g g lu t in a t in g  su sp e n s io n s  ( a n t ig e n )
Each s t r a i n  was in o c u la te d  in to  50 ml H a r t le y  D ig es t b r o th ,  in c u b ­
a te d  a t  22°C o v e rn ig h t and th e n  steam ed f o r  ■§• h .
Method of agglutination
D oubling  d i lu t io n s  o f th e  t e s t  s e ra  (1 /1 0 -1 /2 5 0 0 ) were made in  
norm al s a l i n e ,  a c le a n  s t e r i l e  p i p e t t e  was used  f o r  each d i l u t i o n .
In  a  ‘WHO a g g lu t in a t io n  t r a y  0 .5  ml volumes o f  s e ra  and a n t ig e n  were 
m ixed g iv in g  d i l u t io n s  o f  1 /2 0 -1 /5 0 0 0 , and  in c u b a te d  a t  50°C o v e rn ig h t .  
A g g lu tin a tio n  was o b se rv ed  u s in g  t r a n s m i t t e d  l i g h t .
A g g lu tin a tio n  r e a c t io n s  o f  th e  n o n - ty p a b le  s t r a i n s  a g a in s t  th e  new s e ra
Each o f  th e  new s e r a  w ere t e s t e d  f o r  a g g lu t in a t io n  a g a in s t  th e  
homologous a n t ig e n s  and a l s o  th o se  o f  th e  o th e r  n o n - ty p a b le  s t r a i n s .
3 .  In c id e n c e  o f  Y. e n t e r o c o l i t i c a  i n  fo o d s  and  o th e r  m a te r ia ls
The r e s u l t s  from  S tu d ie s  1 -5  on th e  com parisons o f m edia and  methods 
w ere c o l l a t e d  to  p ro v id e  in fo rm a tio n  on th e  in c id e n c e  o f  Y. e n t e r o c o l i t i c a  
i n  fo o d s and  o th e r  m a te r ia ls  o b ta in e d  i n  th e  UK betw een 1978-1982.
The D iv is io n  o f  E n te r ic  P athogens con firm ed  and  s e ro ty p e d  th e  1^6 
s t r a i n s  i s o l a t e d  i n  s tu d ie s  1-5* T h is  in fo rm a tio n  h as  been  c o l l a t e d  to  
show th e  s o u rc e /s e ro ty p e  d i s t r i b u t i o n  o f  th e  s t r a i n s .
R e s u lts
1 . Comparisons o f  methods and  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a
from  b o th  a r t i f i c i a l l y  and n a t u r a l l y  co n tam in a ted  foods and  o th e r
m a te r ia ls
a .  N a tu ra lly  an d  a r t i f i c i a l l y  co n tam in a ted  an im al f e e d  -  S tudy  1
i .  N a tu ra l ly  co n tam in a ted  an im al f e e d  ( F I )
The r e s u l t s  o f  th e  com parison  o f  b ro th  m edia and  methods f o r  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  a r e  shown in  T ab le  4 1 . Y e r s in ia  e n te ro ­
c o l i t i c a  was i s o l a t e d  from  b u f fe re d  p ep to n e  w a te r  (B P ), GN b r o th  (&N)
100 m l, GN b ro th  225 hlL and p h o sp h a te  b u f f e r e d  s a l i n e  (PS) by  d i r e c t  
enrichm en t a f t e r  in c u b a tio n  f o r  35 days a t  4°C b u t was n o t i s o l a t e d  from  
th e  W au ters1 b ro th  (WB) p re -e n r ic h e d  in  th e  same b ro th  c u l t u r e s .  In  
c o n t r a s t  th e  organism  was i s o l a t e d  from  WB p re - e n r ic h e d  in  BP in c u b a te d  
a t  22°C b u t n o t from th e  BP d i r e c t  e n ric h m e n t. Y e rs in ia  e n t e r o c o l i t i c a
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was a l s o  i s o l a t e d  by d i r e c t  enrichm ent in  WB in c u b a te d  a t  22° and 30°C 
a f t e r  15 and 4  days r e s p e c t iv e ly  b u t n o t from th a t  in c u b a te d  a t  4°C .
The r e s u l t s  o f a com parison  o f a g a r  m edia and in c u b a tio n  te m p e ra tu re s  
a re  shown i n  T ab le  4 2 , Y e rs in ia  e n t e r o c o l i t i c a  was i s o l a t e d  e le v e n  
tim e s  on a g a r  m edia in c u b a te d  a t  22° and 30°C, a l l  o f w hich had been 
s u b -c u l tu re d  from  b ro th  c u l tu r e s  in c u b a te d  a t  4°C , b u t no1 i s o l a t i o n s  
w ere made from  b r o th  c u l tu r e s  in c u b a te d  a t  e i t h e r  22° o r  30°C. In  
c o n t r a s t  Y. e n t e r o c o l i t i c a  was i s o l a t e d  th r e e  tim e s  on a g a r  media 
in c u b a te d  a t  4°C and  s u b -c u l tu re d  from  b ro th  c u l tu r e s  in c u b a te d  a t  22° 
and  30°C, and once o n ly  from  th o s e  in c u b a te d  a t  4°C . A t o t a l  o f 21 o f  
482 s u s p ic io u s  c o lo n ie s  s u b -c u l tu re d  f o r  i d e n t i f i c a t i o n  p roved  to  be 
Y. e n t e r o c o l i t i c a . The s e ro ty p e s  and i s o l a t i o n  d e t a i l s  o f  th e  21 s t r a i n s  
i s  shown i n  T ab le  43* P our d i f f e r e n t  s e ro ty p e s  were i d e n t i f i e d ,  th o se  
from  4°C e n ric h m en ts  were p re d o m in an tly  se ro ty p e  0 :8  (10 s t r a i n s ) ,  
fo llo w e d  by 0 :7  (2 ) and one o f  each  0 :5  and 0 :6 ,3 0 .  One s t r a i n  each  
o f  s e ro ty p e s  0 :5  and 0 :8  were i s o l a t e d  from  b ro th  c u l tu r e s  in c u b a te d  
a t  22°C w h i ls t  from  th o s e  in c u b a te d  a t  30°C s e ro ty p e  0 :6 ,3 0  was t h e  s o le  
ty p e  i s o l a t e d .  A ll th e  s t r a i n s  i s o l a t e d  were b io c h e m ic a lly  Y. e n te ro ­
c o l i t i c a  sen su  s t r i c t o .
i i .  A r t i f i c i a l l y  co n tam in a ted  an im al f e e d  (F 2)
The r e s u l t s  o f th e  com parison  o f  b ro th  m edia and methods f o r  th e
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  a r t i f i c i a l l y  co n tam in a ted  an im al
fe e d  i s  shown i n  T ab le  4 4 . Y e rs in ia  e n t e r o c o l i t i c a  was i s o l a t e d  from
oa l l  th e  d i r e c t  en richm en t c u l tu r e s  in c u b a te d  a t  4  C ex cep t f o r  'WB 225 m l.
At 22°C th e  organism  was n o t  found  i n  BP, BHI o r  GN 225 nil b u t  was
re c o v e re d  from  a l l  th e  d i r e c t  en ric h m en ts  in c u b a te d  a t  30°C. Y e rs in ia  
e n t e r o c o l i t i c a  was a ls o  i s o l a t e d  from  WB w hich had  been p r e - e n r ic h e d  in  
BHI 225 ml and G-N 225 ml in c u b a te d  a t  22°C b u t th e  organism  was n o t 
i s o l a t e d  d i r e c t l y  from  th e s e  b ro th  c u l t u r e s .  However, Y. e n t e r o c o l i t i c a
was n o t i s o l a t e d  from  WB w hich had been p r e - e n r ic h e d  in  G-N 225 ml a t
30°C and from  which th e  organism  had been  i s o l a t e d  d i r e c t l y .
A com parison  o f  a g a r  m edia and in c u b a t io n  te m p e ra tu re s  f o r  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  a r t i f i c i a l l y  co n tam in a ted  a n im a l 
fe e d  (F2) i s  shown in  T ab le  45* The p a t t e r n  o f  i s o l a t i o n s  was s im i l a r  
to  t h a t  w hich o c c u rre d  w ith  th e  n a t u r a l l y  co n tam in a ted  an im a l f e e d  ( P i ) .  
T here were no i s o l a t i o n s  o f ‘Y. e n t e r o c o l i t i c a  made from b ro th  c u l tu r e s  
in c u b a te d  a t  4°C when th e y  were s u b -c u l tu re d  to  a g a r  m edia in c u b a te d  a t
T a b le  42
Com parison o f a g a r  m edia and in c u b a tio n  te m p e ra tu re s  f o r  th e  
i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  n a t u r a l ly  co n tam in a ted
an im al f e e d  ( F I )
Agar medium
Agar
in c u b a tio n
te m p e ra tu re
°C
No. o f  o c c a s io n s*  on which 
Y. e n t e r o c o l i t i c a  was i s o l a t e d  
from  a l l  en richm en t c u l tu r e s  
in c u b a te d  a t  °C
4 22 30
D eoxycho la te  
c i t r a t e  su c ro se 30 6 0 0
S a lm o n e lla -
S h ig e lla * 30 0 0 0
D eoxycho la te  
c i t r a t e  su c ro se 22 5 0 0
Lee 22 0 0 0
D eoxycho la te
c i t r a t e * 4 0 0 0
D eoxychola te  
c i t r a t e  su c ro se 4 1 0 0
Lee 4 0 2 1
* T h is  medium used  f o r  f i r s t  s u b - c u l tu re  o n ly .
+ NB: F o r  th e  p u rp o ses  o f  t h i s  t a b le  an  o c c a s io n  i s  th e  e q u iv a le n t
o f  each s u b -c u l tu re  to  a g a r  m edia.
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Table. 45
Com parison o f th e  e f f e c t s  o f com b in atio n s  o f  a g a r  m edia and  
in c u b a tio n  te m p e ra tu re s  on th e  in c id e n c e  o f  i s o l a t i o n  o f  
Y. e n t e r o c o l i t i c a  from  a r t i f i c i a l l y  co n tam in a ted  a n im a l.f e e d  (F 2)
Agar medium
In c u b a t io n
te m p e ra tu re
° c
No. o f  o ccasio n s* o n  w hich Y. e n te r o ­
c o l i t i c a  was i s o l a t e d  from  a l l ^  
en rich m en t c u l tu r e s  in c u b a te d  a t  C
4 22 30
D eoxychola te  
c i t r a t e  su c ro se 30 22 3 5
D eoxychola te  
c i t r a t e  s u c ro s e 22 8 3 1
Lee 22 6 0 3
D eoxychola te  
c i t r a t e  su c ro se 4 0 1 5
Lee 4 0 2 12
+ NB: F o r  th e  p u rp o ses  o f  t h i s  t a b l e  an  o c c a s io n  i s  th e  e q u iv a le n t  o f
each s u b c u ltu re  to  a g a r  m ed ia .
4°C b u t th e  l a r g e s t  number o f  i s o l a t i o n s  (34) was made when th e  same 
c u l tu r e s  were s u b -c u l tu re d  to  a g a r  m edia in c u b a te d  a t  22° and 30°C.
In  com parison  th e r e  was a l s o  n o ta b ly  more i s o l a t i o n s  o f  Y. e n te ro ­
c o l i t i c a  from  b r o th  c u l tu r e s  in c u b a te d  a t  30°C when th e y  were sub­
c u l tu r e d  to  a g a r  m edia in c u b a te d  a t  4°C th a n  when th e y  were s u b -c u l tu re d  
to  a g a r  media in c u b a te d  a t  22° o r  30°C.
A t o t a l  o f  347 c o lo n ie s  were s u b -c u l tu re d  f o r  i d e n t i f i c a t i o n ,  o f 
th e s e  89 p roved  to  b e  Y. e n t e r o c o l i t i c a . At th e  tim e  t h a t  t h i s  work 
was c a r r i e d  o u t f a c i l i t i e s  were n o t a v a i la b l e  f o r  t h e  s e r o lo g ic a l  
i d e n t i f i c a t i o n  o f  th e s e  p a r t i c u l a r  s t r a i n s .  S lid e  a g g lu t in a t io n  was 
u n r e l i a b le  and s e ro ty p e  0 :3  was n o t d e te c te d .  E v e n tu a lly ,  when th e  
89 s t r a i n s  c o u ld  be f u r t h e r  i n v e s t ig a t e d ,  e ig h t  had  e i t h e r  d ie d  o r  
d r ie d  up b u t a  summary o f  th e  s e ro ty p e s  and i s o l a t i o n  d e t a i l s  o f  th e  
rem a in in g  81 a r e  shown in  T ab le  4 6 . S ix  o f  e ig h t  s t r a i n s  o f  s e ro ty p e  
0 :3  w ere i s o l a t e d  from  d i r e c t  en rich m en t in  WB in c u b a te d  a t  30° (5 
s t r a i n s )  and  22°C (1 s t r a i n ) .  The se v e n th  s t r a i n  was i s o l a t e d  from  WB 
p re - e n r ic h e d  in  b u f fe re d  p ep tone  w a te r  in c u b a te d  a t  4°C and  th e  e ig h th  
s t r a i n  from  d i r e c t  en rich m en t i n  p h o sp h a te  b u f f e r e d  s a l i n e  a t  4°C .
S ix ty -n in e  s t r a i n s  o f  s e ro ty p e  0 :6 ,3 0  were i s o l a t e d  r e a d i ly  from  a l l  
th e  b r o th  m edia exam ined w ith  th e  e x c e p tio n  o f WB, o n ly  one s t r a i n  was 
i s o l a t e d  from  t h i s  medium.
In  a d d i t io n  s e v e r a l  n a t u r a l  co n tam in an ts  w ere i s o l a t e d .  S e ro ty p e  
0 :5  was i s o l a t e d  tw ic e  from  d i r e c t  en richm en t i n  BP a t  4°C and GN a t  
22°C. One s t r a i n  o f s e ro ty p e  0 :6 ,3 1  was re c o v e re d  from  WB by d i r e c t  
en richm en t and one n o n - ty p a b le  s t r a i n  was a l s o  found by d i r e c t  e n r ic h ­
ment i n  GN 100 ml a t  30°Co These s t r a i n s  a r e  n o t in c lu d e d  i n  any  o f 
th e  l a t e r  com parisons o f  b io c h e m ic a l o r  s e r o lo g ic a l  r e s u l t s .
b .  Comparison o f  m edia f o r  t h e  i s o l a t i o n  o f Y. e n t e r o c o l i t i c a  from  194
fo o d s  and  o th e r  m a te r ia ls  -  S tudy 2
A com parison  o f  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  
194 fo o d s  and o th e r  m a te r ia ls  i s  shown in  T able 4 7 .  Y e rs in ia  e n te ro ­
c o l i t i c a  was n o t i s o l a t e d  from  any o f  th e  41 an im al f e e d ,  3 c h e e se ,  20 
c o c o n u t, 20 prawns o r  th e  $6 c a rc a s s  sw abs.
Four o f 14 sew er swabs y ie ld e d  Y. e n t e r o c o l i t i c a . T hree i s o l a t e s  
were o b ta in e d  by d i r e c t  en richm en t in  BHI b ro th  in c u b a te d  a t  30 °C and
e
a l l  w ere s e ro ty p e  0 :5 c  Only one s t r a i n ,  s e ro ty p e  0:5> 27 was i s o l a t e d  
.from BP a t  4°C . The fo u r  p o s i t i v e  swabs were sam pled from  th e
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s l a u g h t e r h a l l  d r a in ,  c o r r a l  d r a in ,  th e  e n tra n c e  to  th e  l a i r a g e  and 
th e  f o u l  sew er from th e  s la u g h te rm e n ^  t o i l e t s .  A ll th e  s t r a i n s  
were b io c h e m ic a lly  Y. e n t e r o c o l i t i c a  sen su  s t r i c t o .
c .  Com parison o f  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from 
raw m eats -  S tudy 3
The com parison  o f  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  
from  272 raw  m eats i s  shown in  T able 4 8 .
Y e r s in ia  e n t e r o c o l i t i c a  was i s o l a t e d  from  9 o f  237 beef*  p o rk , 
lamb and sausage  sam ples in c u b a te d  i n  BP a t  4°C . The n in e  p o s i t i v e  
i s o l a t i o n s  w ere a l l  i d e n t i f i e d  on LEE a g a r  and none were found on DCSA.
Two sam ples o f  th e  35 in c u b a te d  in  BP a t  4°C and BHI a t  30°C 
y ie ld e d  Y. e n t e r o c o l i t i c a . These s t r a i n s  were i d e n t i f i e d  on LSU b u t 
n o t on I,EE a g a r .
The i s o l a t e s  were p re d o m in an tly  s e ro ty p e  0 :5  fo llo w e d  by 0 :6 ,3 0 #
Two s t r a i n s  i s o l a t e d  from  sau sag es  w ere b io c h e m ic a lly  Y. f r e d e r i k s e n i i , 
one o f th e s e  was s e ro ty p e  0 :1 6 ,2 9  and th e  o th e r  was n o n - ty p a b le .
d e Com parison o f methods and m edia f o r  th e  i s o l a t i o n  o f Y. e n t e r o c o l i t i c a  
from  b u lk e d  m e c h a n ic a lly  deboned po rk  sam ples and  m isc e lla n e o u s  
v e g e ta b le s  -  S tudy  4
Y e rs in ia  e n t e r o c o l i t i c a  was no t i s o l a t e d  from  th e  13 v e g e ta b le s  
exam ined. The r e s u l t s  o f  th e  com parison  o f  i s o l a t i o n  from  m e c h a n ic a lly  
deboned p o rk  i s  shown in  T ab le  49© The r e s u l t s  compare d i r e c t  e n r ic h ­
ment th ro u g h  BP and  PS and p re -e n r ic h m e n t th ro u g h  th e s e  media t o  WB f o r  
th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  b u lk e d  m e c h a n ic a lly  deboned 
p o rk . Y e rs in ia  e n t e r o c o l i t i c a  was i s o l a t e d  from  16 /23  b u lk e d  sam ples 
(T ab le  49 ) a f t e r  20 weeks s to ra g e  a t  -20°C  and c o n t r a s te d  m arked ly  w ith  
th e  1 /100  i s o l a t e d  i n  S tudy 3 (T ab le  4 8 ) .  T h ir te e n  o f  th e  16 were 
o b ta in e d  by d i r e c t  en rich m en t w ith  o r  w ith o u t p re -e n r ic h m e n t an d  th e  
rem a in in g  th r e e  by p re -e n r ic h m e n t o n ly . F iv e  o f th e  13 sam ples w ere 
p o s i t i v e  by th e  d i r e c t  en rich m en t method o n ly .
By d i r e c t  en richm en t two sam ples y ie ld e d  Y. e n t e r o c o l i t i c a  a f t e r  1 
weeks in c u b a t io n ,  seven  on ly  a f t e r  3 weeks and fo u r  o n ly  a f t e r  6 w eeks. 
Both BP and PS y ie ld e d  th e  same number o f i s o l a t i o n s  a t  3 and 6 w eeks.
A ll  th e  i s o l a t i o n s  o f  Y. e n t e r o c o l i t i c a  made from  d i r e c t  en rich m en t 
i n  BP and PS w ere on LSU ex cep t f o r  one w hich was on DCSA + 0 .0 0 4 $
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m a la c h ite  g re e n  (D4) a g a r .  F o llo w in g  p re -e n ric h m e n t Y. e n t e r o c o l i t i c a  
was i s o l a t e d  on LSU ( 7 /H ) »  LEE a g a r  (5/11 ) and DCSA and D4 a g a rs  (1/11 
e a c h ) .  The t o t a l  number o f  i s o l a t i o n s  by a l l  en rich m en t p ro c e d u re s  on 
LSU, LEE , DCSA and D4 a g a rs  were 3 2 , 5> 1 and 1 r e s p e c t iv e ly *
Nine s e ro ty p e s  were i d e n t i f i e d  which in c lu d e d  0 :5  ( i 5 ) ;  0 :5*27  (3 ) ;
0 :6 ,3 0  (2 ) ;  0 :6 ,3 1  (2 ) ;  0 :7  (4 ) ;  0 :8  (2 ) ;  10K1 ( 2 ) ;  0 :1 2 ,2 5  (1 )
and 0 :3 4  ( 5 ) .  T h i r te e n  n o n - ty p a b le  s t r a i n s  w ere a l s o  fo u n d , o f  th e s e  
e ig h t  w ere b io c h e m ic a lly  Y. in te rm e d ia  and one Y. f r e d e r i k s e n i i .
e .  Com parison o f  b ro th  m edia f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  
from  503 m isc e lla n e o u s  fo o d s  and o th e r  m a te r ia ls  -  S tudy 5
The r e s u l t s  o f  a  com parison  o f en rich m en t m edia f o r  th e  i s o l a t i o n  
o f  Y. e n t e r o c o l i t i c a  from  503 fo o d s  and  o th e r  m a te r ia ls  a r e  shown in  
T ab le  50 . Y e r s in ia  e n t e r o c o l i t i c a  was i s o l a t e d  from  25 o f  th e  503 
sam ples exam ined (5*0% ). S ig n i f i c a n t ly  th e  4°C i s o l a t i o n  r a t e s  w ere 
much h ig h e r  a t  1.4-3*3%  a s  c o n t r a s te d  w ith  30°C w hich was 0 .2 -0 .8 % .
The i s o l a t i o n  r a t e  f o r  th e  503 sam ples th ro u g h  S (11/331 -  3*3%) was 
s l i g h t l y  h ig h e r  th a n  th o s e  th ro u g h  BP, 14 (2 .8% ), and PS, 7 (1*4%) 
in c u b a te d  a t  4°C . The i s o l a t i o n  r a t e s  o f th e s e  same th r e e  m edia when 
com pared o n ly  f o r  th e  331 sam ples w hich w ere common to  a l l  w ere S , 11 
( 3 . 3 $ ;  b p , 9 (2 .7 5 0  an d  PS, k  (1 .2 5 0 .
The s e ro ty p e s  in c lu d e d  0 :5 ;  0 :5»27 ; 0 :6 ,3 0 ;  0 :7}  0 :8 ; 0 :1 6 ,2 9 ;
0 :1 8  and  n o n - ty p a b le  s t r a i n s .  One s t r a i n  o n ly , from  c h ic k e n , was 
i d e n t i f i e d  b io c h e m ic a lly  a s  Y. in te rm e d ia .
Summaries o f  th e  o v e r a l l  p e rfo rm an ce . The b ro th  and a g a r  m edia u sed  
i n  th e  s tu d ie s  a re  shown in  T ab les  51 and  5 2 . The r e s u l t s  o n ly  in c lu d e  
th o se  where 25 g o f  sam ple was in c u b a te d  i n  225 ml o f  b ro th  medium.
The i s o l a t i o n  r a t e s  from  BP, PS and  S in c u b a te d  a t  4°C w ere 4c5%* 
3.3% and 3.3% r e s p e c t iv e l y .  At 30°C th e  re c o v e ry  r a t e s  from  BP and PS 
w ere o n ly  0.4% and 0.2% r e s p e c t iv e l y .  Two o th e r  media a l s o  in c u b a te d  
a t  30°C, BHI and GN, gave s l i g h t l y  h ig h e r  r a t e s  o f  1.0% and 0.8%  
r e s p e c t iv e l y ,  and  a  t h i r d  medium WB showed a 1.6% i s o l a t i o n  r a t e  b u t  
r e l a t i v e l y  few sam ples w ere exam ined i n  t h i s  l a t t e r  medium.
The p re -e n ric h m e n t m ethod was in v e s t ig a t e d  in  one s tu d y  in v o lv in g  
36 sam p les . The re c o v e ry  r a t e  from WB p re -e n ric h m e n t from  BP and PS 
was 30%. However, th e  re c o v e ry  r a t e s  from  th e  same BP and PS d i r e c t l y
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were 30% and 23% r e s p e c t iv e ly .
The th re e  ag a r media most f r e q u e n tly  used th roughout th e  f iv e  
s tu d ie s  were DCSA, LSU and LEE. The o v e ra l l  i s o la t io n  r a te s  on th e se  
ag a rs  was 1 , 6 % ,  7 , 8 %  and 5*2%° r e s p e c t iv e ly .  The deoxycholate  c i t r a t e  
su cro se  a g a r p lu s  0 . 001+% m alach ite  green (DA) re c e iv e d  only a l im ite d  
t r i a l  b u t the  reco v ery  r a t e  f o r  th e  36 samples was 2,8%, In  th e  same 
study  th e  recovery  r a te s  on DCSA, LSU and t/eve ag ars  was 2,8%, ,0%o
and 1k.,0%o r e s p e c t iv e ly .
f . A d d itio n a l la b o ra to ry  exam inations o f p a s te u r iz e d  m ilk  re c e iv e d
f o r  Study 5
i .  Fhosphatase t e s t
The i s o l a t i o n  o f  Y. e n te r o c o l i t ic a  from m ilk  in  r e l a t io n  to  ug- 
n itro p h en y l/m l (phosphatase  re a c t io n )  i s  shown in  Table 33* A ll th e  
31 m ilks examined co n ta in ed  10 yug o r  l e s s  p -n itro p h en y l/m l and th e re ­
fo re  s a t i s f i e d  th e  phosphatase  t e s t  in d ic a t in g  th a t  th e y  had been 
a d eq u a te ly  p a s te u r iz e d . Y e rs in ia  e n te r o c o l i t ic a  was i s o la te d  from 
3/31 sam ples. Both th e  U nigate sam ples 1 and 3* from which Y. e n te ro ­
c o l i t i c a  was i s o la te d ,  were marked w ith  th e  same code a lthough  they  
were d e liv e re d  by the  d a iry  two days a p a r t .
i i .  Most p ro b ab le  number (MPN) o f Y. e n te r o c o l i t ic a
U nigate samples 2 and 3 (Table $3) were bo th  examined by th e  MPN 
t e s t .  Y e rs in ia  e n te r o c o l i t ic a  was no t i s o la te d  from sample 2 e i t h e r  
by th e  norm al enrichm ent p rocedures o f Study 5 o r  from th e  BP used  f o r  
MPN. However, an MPN o f 0 .03  organism s/m l was o b ta in ed  from sample 3 
(S e r ie s  A tu b e s  0 /3  p o s i t iv e ;  S e r ie s  B tu b es  1 /3  p o s i t iv e ;  S e r ie s  
C tu b es  0 /3  p o s i t iv e )  -  see Appendix 1 .
Isolation of Y. enterocolitica from milk in relation
to  ytig p a ra -n itro p h e n y l/m l (phosphatase  r e a c t io n )
Sample Date Cap Jdg p - n i t r o - Y. e n te ro ­
Brand No. sampled code phenyl c o l i t i c a
( J u l y ) d a tin g p e r  ml**
1 20 6 0 NF
2 21 7 0 NF
3 22 7 0 NF
London 4 23 3 <6 NF
3 24 3 <6 NFC o-opera tive
6 28 5 <6 NFS o c ie ty
7 28 6 0 NF
8 28 1 6 NF
9 29 1 6 NF
- 10 30 6 <6 NF
1 21 20G 10 NF
2 21 21 G 6 P re se n t
3 22 23G 6 NF
----------------  ----- 4 23 23G 0 NF
5 24 25& 0 NFExpress
D airy
6 23 25 & 0 NF
7 28 27G 6 NF
8 28 27& <6 NF
9 28 29G <6 NF
10 29 30 G 6 NF
11 30 30 & 0 NF
1 20 22 0 P resen t
2 21 - 0 NF
3 22 22 0 P resen t*
4 23 25 0 NF
5 24 25 0 NFU nigate
6 28 2 6 0 NF
D a ir ie s
7 28 27 0 NF
8 28 30 0 NF
9 29 30 6 NF
10 < 30 31 0 NF
NF = no t found; * = most p robab le  number = 3 organism s p e r 100 ml sam ple; 
-  = code unknown; ** = r e s u l t s  of 10 Jig o r l e s s  a re  co n sid ered  to  have 
been s a t i s f a c t o r i l y  p a s te u r iz e d .
2. Characterization of isolates from naturally contaminated foods and
o th e r  m a te r ia ls
a .  B iochem ical c h a r a c te r iz a t io n
i .  S creen ing  o f su sp ic io u s  co lo n ie s  (from  S tu d ies  l i , 2 , 3> 4> 5)
From a t o t a l  o f 782 su sp ic io u s  co lo n ie s  s u b -c u ltu re d , 156 gave th e  
r e s u l t s  as shown in  Table 54*
Table 54
C h a r a c te r is t ic s  o f 156 presum ptive Y. e n te r o c o l i t ic a  i s o l a t e s
Medium T est r e s u l t
Glucose peptone Acid w ith  o r w ithou t sm all amount o f g a s .
w ater su g ar L ig h tly  tu r b id ,  t ra n s lu c e n t  growth. 
No p e l l i c l e .
No d e p o s i t .
Urea slope U rease a c t i v i t y ,  p o s i t iv e ,  th e  v io l e t  co lo u r 
developed slow ly over 48-72 h b eg in n in g  a t  th e  
p o in t where th e  in o c u la t io n  w ire e n te re d  the  
s ta b  a t  th e  base o f th e  s lo p e 0 The c o lo u r 
e v e n tu a lly  sp read  th rough  th e  e n t i r e  medium 
(P la te  1 8 ).
P heny la lan in e  ag a r P heny la lan ine  deam ination  n e g a tiv e .
MacConkey a g a r Pure (no contam inant c o lo n ie s ) .  
N on-lactose o r la c to s e  fe rm en tin g . 
T ran s lu cen t o r  se m i-tra n s lu c e n t c o lo n ie s .
The slow u rea se  a c t i v i t y  was c h a r a c te r i s t i c  o f every  presum ptive 
Y. e n te r o c o l i t ic a  i s o l a t e  (T able 5 4 ). With some s t r a in s  th e  co lo u r had 
begun to  develop w ith in  24-30  h . S tr a in s  o f P ro teu s  were c h a ra c te r iz e d  
by a ra p id  and com plete co lou r change o c cu rrin g  w ith in  18-24 h in c u b a t io n . 
K le b s ie l la  s t r a in s  p roduced 'a  slow re a c t io n  which began a t  th e  to p  o f  th e  
s lo p e  and g ra d u a lly  sp read  downwards, and a lthough  was u s u a lly  com plete
P l a t e  18.  U r e a s e  a c t i v i t y  by p r e s u m p t i v e  Y . e n t e r o c o l i t i c a
a = slow development of violet colour due to urease activity at the point 
where the inoculum wire entered the agar ; b = completed colour change.
by 72 h th e  c o lo u r change was f re q u e n tly  p a le r .
i i .  F u l l  b iochem ical id e n t i f i c a t io n  o f presum ptive Y. e n te r o c o l i t ic a  
i s o la te s
A summary o f th e  re a c t io n s  o f  a l l  t h e ,156 i s o la te s  i s .  shown in  
T ab le  55 t an -^ th e  b iochem ical c l a s s i f i c a t i o n  acco rd ing  to  B erco v ie r 
e t  a l . (1 980a) and sou rces o f th e  i s o l a t e s  a re  shown in  Table 56 .
One hundred and fo u r ty - fo u r  o f th e  156 i s o l a t e s  gave th e  ty p ic a l  
r e a c t io n s  o f Y. e n te r o c o l i t i c a  sensu  s t r i c t o  b u t th e  rem ain ing  12 
s t r a in s  showed v a r ia b le  re a c t io n s  in  rhamnose, m elib 'io se , r a f f in o s e  and 
Simmon*s c i t r a t e .  Nine o f th e se  12 i s o la te s  produced p o s i t iv e  re a c t io n s
in  a l l  fo u r  t e s t s  and.w ere c h a r a c te r i s t i c  o f Y. in te rm e d ia . The o th e r  
th re e  i s o la te s  were rhamnose p o s i t iv e ,  m elib io se  and r a f f in o s e  n eg a tiv e  
and gave v a r ie d  r e a c t io n s  in  Simmon’s c i t r a t e  and were c h a r a c te r i s t i c  
o f Y. f r e d e r ik s e n i i .
A ll (35/35) th e  Y. e n te r o c o l i t ic a  sensu  s t r i c t o  s t r a in s  i s o la t e d  from 
m ilk  were la c to s e  p o s i t iv e  whereas on ly  9 o f th e  109 s t r a in s  i s o la te d  
from o th e r  sou rces  had t h i s  c h a r a c t e r i s t i c .
b . A n tib io tic  s e n s i t i v i t y  p a t te rn s
The a n t ib io t i c  .s e n s i t iv i ty  p a t te rn s  of 126 s t r a in s  of Y. e n te ro ­
c o l i t i c a  a re  summarized in  T able  57*
The m a jo r ity  ( g r e a te r  th a n  74%) of th e  s t r a in s  were r e s i s t a n t  to  
a m p ic i l l in  25 yug, c a r b e n ic i l l i n  100 yug, c e p h a lo rid in e  5 yug, ery th rom ycin  
10 yug, fu ra z o l id in e  100/ug , kanamycin 5 /*g> p e n ic i l l i n  G- 1 .5  u n i t s  and 
strep to m y cin  10 yug and s e n s i t iv e  to  c o l i s t i n  su lp h a te  10 f ig 9 gentam ycin 
10yug, neomycin 30 yug, su lp h a fu ra zo le  500 yug, su lp h am eth o x azo le /trim e- 
thoprim  25 yug and te t r a c y c l in e  50 /*g* Only 58% o f th e  s t r a in s  were 
r e s i s t a n t  to  c e p h a lo rid in e  25 yug and 52 and 56% re s p e c t iv e ly  were 
s e n s i t iv e  to  sulphonam ides 300 fig  and chloram phenicol 10 yug.
The n in e  s t r a in s  o f  Y. in te rm ed ia  and two s t r a in s  o f Y. f r e d e r ik ­
s e n i i  showed s im ila r  p a t te rn s  to  th e  Y. e n te r o c o l i t ic a  s t r a i n s .
•i/a,D ie p p
The b iochem ical re a c t io n s  o f 156 presum ptive 
Y. e n te r o c o l i t ic a  i s o la t e s
Proposed neotype I s o la te s
s t r a i n  161 % + % +
T es t o r s u b s tra te  (B ercovier e t  a l « ( t o t a l )  (delayed*
_______________________________________ 1 980a)  r e a c t io n )
A donito l -  0
L-A rabinose + 100
D -C ellob iose  + . 100 1
D u lc ito l  -  0
D-Glucose + 100
G lycero l + 100 4
i - I n o s i t o l  + 93 74
I n u l in  -  0
L actose -  34 10
M altose + 100 1
D-M annitol + 100
M elib iose  6
D -R affinose -  28 3
L-Rhamnose -  10
S a l ic in  + 99
D -S o rb ito l ------------- -------------- + -------------- 100_______
Sucrose + 1 0 0
T rehalose  + 100
D-Xylose + 100
C a ta la se  + 100
C i t r a te  (Simmons*) -  10
D ecarboxylase a rg in in e  -  0
ly s in e  -  0
o rn ith in e  + 100
G e la tin  -  0
In d o le  + 96
L ipase + 99
M alonate -  0
M o til i ty  22°C + (28°C)a 100
37°C -  0
Methyl re d  22°C -  (28°C)a  68
37°C + 100
N itra te  re d u c tio n  + 100
(3-Galactosidase (0NPG) + 100
O x id a tio n /fe rm e n ta tio n  P 100
P h en y la lan in e  deaminase -  0
U rease a c t i v i t y  , +o a
V oges-Proskauer 22°C + (28 C) 97
37°C -  0
* = re a c t io n  delayed  3 days or more; a  = tem pera tu re  used by 
B erco v ie r e t  a l . (1980a).
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Table 57
A n tib io tic  s e n s i t i v i t y  o f 126 Y. e n te r o c o l i t ic a  
s t r a in s ' i s o la te d  from food and o th e r  m a te r ia ls
A n tib io t ic /c o n c e n tr a t io n Sign * ( %  MR)
A m p ic illin 2 R 100 (0)
A m p ic illin 25 fig R 89 (10)
C a rb e n ic i l l in 100 fig R 90 (10)
C ephaloradine 5 pg R 55 (0)
C ephaloradine 25 pg R 58 (33)
Chloram phenicol 10 p g S 56 (8)
C o lis t in  su lp h a te 10 p g s 75 (17)
Erythrom ycin 10 pg R 100 (0)
F u razo lidone 100 pg R 74 (21)
G-entamycin 10 pg S 57 (3)
Kanamycin 5 pg R 84 (9)
---- Neomycin ____ 30 pg S 55 _.(o)
P e n ic i l l i n  G- 1 .5 u n its R 100 (0)
S treptom ycin 10 pg R 85 (10)
S u lp h afu razo le 500 pg S 54 (2)
Sulphonamides 300 fig S 52 (40)
Sulpham eth  oxaz o l e /  
Trim ethoprim 25 p g s 56 (4)
T e tra c y c lin e 10 pg s 100 (0)
T e tra c y c lin e 50 p g s 100 (0)
R = r e s i s t a n t ;  MR = m odera te ly  r e s i s t a n t ;  S = s e n s i t iv e
c. Serological identification
i .  Comparison o f s e ro lo g ic a l  ty p in g  r e s u l t s  o b ta in ed  from two
la b o r a to r ie s  u sing  d i f f e r e n t  methods . .....................
A t o t a l  of 84 c u l tu re s  were examined by both la b o r a to r ie s  and th e  
r e s u l t s  o b ta in ed  from 78 of th e  84 a re  compared in  T able 58 . T h ir ty -  
f iv e  o f  th e  78 s t r a in s  examined were found to  be n o n -typab le  by the  
Y e rs in ia  R eference L abora to ry  u s in g  unsteamed a n tig e n  su sp en sio n s .
In  c o n tra s t  on ly  20/78 could  n o t be s e r o lo g ic a l ly  i d e n t i f i e d  by the  
D iv is io n  o f E n te r ic  Pathogens u sin g  steamed su sp en sio n s . From a 
f u r th e r  8 o f th e  78 c u l tu re s  th e  two la b o ra to r ie s  id e n t i f i e d  d i f f e r e n t  
s e ro ty p e s .
Three o f th e  s ix  c u l tu re s  no t in c lu d ed  in  Table 58 were found n o t 
to  be Y, e n te r o c o l i t i c a  by one la b o ra to ry  b u t were id e n t i f i e d  se ro ­
lo g ic a l ly  and b io ch em ica lly  a s  Y. e n te r o c o l i t ic a  by th e  o th e r  la b o ra to ry . 
The rem ain ing  th re e  c u l tu re s  were found by one o r o th e r  o f th e  la b o ra to r ie s  
to  c o n ta in  m u ltip le  s e ro ty p e s .
i i .  Sero logy o f 30 o f th e  n o n -ty p ab le  (unsteam ed) i s o la te s
This s tu d y  was c a r r ie d  ou t because of th e  la rg e  number o f non- 
ty p a b le  r e s u l t s  re tu rn e d  from th e  Y e rs in ia  R eference L abora to ry  and a t  
th e  tim e th e  f a c i l i t i e s  of th e  D iv is io n  o f E n te r ic  Pathogens were n o t 
a v a i la b le .
The r e s u l t s  of th i s  s tudy  a re  shown in  Table 59© The homologous 
t i t r e s  o f th e  fo u r  new se ra  were 2,500 o r more. Serum No. 1 was 
a g g lu tin a te d  by fo u r  s t r a i n s ,  nos. 1 , 4 4 * 5^ and 60 to  t i t r e s  o f 2,500  
1280, 640 and 80 r e s p e c t iv e ly .  The f i r s t  th re e  s t r a in s  were l a t e r  
i d e n t i f i e d  as se ro ty p e  0 :7  by th e  D iv is io n  o f E n te r ic  Pathogens (DEP). Ihey 
were b io ch em ica lly  Y. e n te r o c o l i t ic a  sensu  s t r i c t o .  The fo u r th  s t r a i n ,  
no . 60 was s t i l l  n o n -ty p ab le  when steamed and was b io ch em ica lly  Y. 
in te rm e d ia . The homologous a n tig e n s  o n ly , produced s ig n i f ic a n t  t i t r e s  
a g a in s t  s e ra  n o s . 29 and 73© Both th e se  s t r a in s  rem ained n o n -ty p ab le  
w ith  steam ed suspensions (DEP) and were b io ch em ica lly  Y. f r e d e r ik s e n i i .
Serum 47 was a g g lu tin a te d  by f iv e  s t r a i n s ,  n o s . 4 8 , 68, 74 , 75 and 
78 to  t i t r e s  o f 1 60 o r  more. A ll th e se  s t r a in s  were a l s o  n o n -ty p ab le  
w ith  steam ed a n tig e n s  (DEP) and were b io ch em ica lly  Y. in te rm e d ia .
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Table 59
A g g lu tin a tio n  o f  30 n o n - ty p a b le  i s o l a t e s  w ith  f o u r  new
se ra  p rep ared  from non-ty p ab le  i s o la te s
S tr a in
No.
1
29
42
44
45
46
47
48
49
50
51
52
A g g lu tin a tio n  t i t r e s  a g a in s t  
se ru m prepa red  from s t r a in  no. 
1 29 47 73
2500
+
+
1280
5000
2500
160
110" se ro ty p e  
u sin g  steamed 
a n tig e n  .
7
NT
7
NT
5 ,27
NT
NT
NT
34
34
34
53 + - - - 34
54 + - - - 34
55 + + - - 5 ,27
56 640 + - - 7
57 + + - 3 ,27
58 + + - - NT
59 + + - - NT
60 80 + - - NT
62 - - - - 10K1
68 - ■ - 640 - NT
73 + - - 2500 NT
74 + - 1280 - NT
75 - - 2500 - NT
77 + + + + rough
78 - - 2500 - NT
79 + + + - rough
94 + - - - NT
99 + *+ - — NT
+ = minor r e a c t io n s ,  t i t r e  <40; -  = no re a c tio n ;
| | = homologous a n t ig e n /s e ra .
NT = not ty p a b le ;
3. Incidence of Y. enterocolitica in foods and other materials
A summary o f  th e  i s o la t io n  o f  Y. e n te r o c o l i t ic a  from 1004 foods and 
o th e r  m a te r ia ls  examined between 1978-1982 i s  given in  Table 60.
Y e rs in ia  e n te r o c o l i t ic a  sensu s t r i c t o  was i s o la te d  from 53 (5•3/^) 
samples which in c lu d ed  raw b e e f ,  p o rk , sausages and ch icken , sew er swabs, 
meat and bone m eal, p a s te u r iz e d  m ilk  and cooked ham. In  a d d it io n  
organism s which were b io ch em ica lly  Y. in te rm ed ia  were i s o la te d  from one 
chicken  and s ix  m echan ically  deboned pork  samples and s t r a in s  b io ­
ch em ica lly  Y. f r e d e r ik s e n i i  were i s o la te d  from one m echan ically  deboned 
pork and two sausage sam ples.
One hundred and f i f t y - s i x  i s o la t e s  were sen t to  th e  D iv is io n  of 
E n te r ic  Pathogens f o r  s e ro ty p in g . Two c u l tu re s  were found to  co n ta in  
two d i f f e r e n t  se ro ty p es  b r in g in g  the  t o t a l  to  158 i s o l a t e s .  The 
s e ro ty p e /so u rc e  d i s t r ib u t io n  o f th e  158 i s o l a t e s  i s  shown in  Table 61•
A t o t a l  o f 158 i s o l a t e s  from 57 samples were confirm ed and s e ro -  
typed  a s  Y. e n te r o c o l i t i c a . Three o f th e se  i s o l a t e s  were l a t e r  id e n t i f i e d  
b io ch em ica lly  a s  Y. f r e d e r ik s e n i i  and n ine as Y. in te rm e d ia . Some 
samples were found to  c o n ta in  m u ltip le  se ro ty p e s , th e  h ig h e s t  number from 
any one sample being  th e  f iv e  s e ro ty p e s , 0:5* 0:1 OKI, 0 :1 4 , 0 :7  and one 
no n -typab le  s t r a in  which were recovered  from a s in g le  sample of p a s te u r ­
iz e d  m ilk (Table 6 2 ). F ou rteen  d i f f e r e n t  se ro ty p es  (125 s t r a in s )  were 
i d e n t i f i e d ,  s ix  s t r a in s  were rough and th e re fo re  could  n o t be se ro ty p ed  
and 27 were no t ty p a b le  w ith th e  a v a i la b le  s e r a .  The most commonly 
found se ro ty p e  was 0 :5  and t h i s  was p re se n t in  many o f th e  sam ples 
examined, in c lu d in g  p a s te u r iz e d  m ilk , b e e f ,  p o rk , sau sag es , sew er swabs 
and anim al fe e d . Much le s s  commonly recovered  were se ro ty p es  0:5*27 
and 0 :6 ,3 0 , bo th  o f which were i s o la te d  from b e e f , p o rk , sausages and 
sewer swabs and se ro ty p e  0 :8  which was i s o la t e d  from p a s te u r iz e d  m ilk , 
p o rk , sausages and anim al fe e d .
Table 60
I s o la t io n s  o f Y. e n te r o c o l i t ic a  from foods and o th e r
materials obtained in the UK between 1976 and 1982
Sample
C oun tries o f 
o r ig in
Number 
Examined Y. e n te ro c o l-  
i t i c a  i s o la te d
)AIRY PRODUCTS
Cheese Cyprus 3 0
Cream UHT Denmark 4 0
M ilk , p a s te u r iz e d UK 67 13
Yoghurt Greece 1 0
SOUS
Clay China 1 0
D ried West Germany, USA 15 0
IAW MEAT AND POULTRY
B eef, minced Unknown 86 6
Beef c u ts Unknown 33 1
Lamb, minced Unknown 1 0
P ork , minced Unknown 4 1
Pork c u ts Unknown 32 0
Pork MD* in d iv id u a l UK 100 1
Pork MD* bulked UK 23 14
Sausages UK 40 6
Chicken, f ro ze n  raw UK (1 0 0 ), H olland (1) 101 4
Turkey USA 2 _____ 0
SEAFOODS 
C ockles, raw 
Prawns, fro zen ,co o k ed  
Shrim ps, d r ie d
SLAUGHTERHOUSE
Swabs
from
Cow c a rc a ss  
Lamb c a rca ss  
P ig  c a rc a ss  
Sewer
ANIMAL FEED 
Meat and bone meal
MISCELLANEOUS
Coconut
Ham
M ineral w aters 
Spices
Surface w a ter 
V eg e tab les , raw
UK 49
T h a ilan d , M alaysia 50
T h a ilan d , M alaysia 7
UK 21
UK 35
UK 40
UK 14
Unknown 140
P h i l l ip in e s ,  S r i  Lanka 36
Unknown 1
France 5
Unknown 20
UK 4
Unknown 69
0
0
0
4
TOTALS 1004 53 [5.3#D
(37 = 5.7^ .)
= m ech an ica lly  deboned; ( ) t o t a l  sam ples p o s i t iv e  if* Y» f r e d e r ik -
s e n i i  and Y. in te rm ed ia  in c lu d ed .
Ta
bl
e 
61
So
ur
ce
 
di
st
ri
bu
ti
on
 
of 
15
8 
Y« 
en
te
ro
co
li
ti
ca
 
se
ro
ty
pe
s 
is
ol
at
ed
 
19
78
-1
98
2
©
£
Pou
©W
£
CD
•H
p£
©•P♦H
Wa
u
p
03
ftO
£
■ a
poft
CO
CT\
CM
MD
a
tf\
CM
CM
fto
CO
A
vo
o
A
vo
CMA
a
A
CM
A
©o
03 • • H
<u > h  -p
rH 
&  © 
S  >  © *H
03 p
•H
03 OJ§ f t  P a
fta
A A
LA
A CM
CM A
-4' T“
CM
CM CM -r- 
A  -r-
CM
O
CM
A
vo A T“ A CM A A A nd •T“ T“ -4 03 OPi G
f t
• II
CM CM r*
>> >—rH
rH
© •
<""N O•dVO A- A A- a np
r - v—' 'w ' A © ©v -/ v_/ ,P a
o E
o ©
A vo A VO -4 *4 CM T“ A •H p
T“ T" A JO G•rl
X
o •
© >H© >1*P Fj rH(D o rH
N 03 03 1 U ©
O 03 C3 O *P f t U
U G P P •H 03
P •H P •H G  P $ nd G g03 a O E JG  O u cd 03 *P © •H ©
P aJ & Pi JO 03 AJ © .P03 & £ £ a  03 •> © © o Pi o© cd cd cd 03 *P 03 •  G £ f t O P o
f t U Ph a 03 G  © © o 03 •H
>> 00 03 N H P3#» •* «* cd AJ p Pi © •r—
AJ f t f t £3 O Pi © B AJrH 03 03 P Pi cd P •H f t £ II Pi
•H O 03 O o 5 A © P 3 o O
S pq PP f t f t M O ca <3 tG Eh © ft
VO
LA
VO
VO
CM
A
A
VO
nd
©
P
o
&
©
nd
>>
rH
O
•a •
© ©
.p •Ho ad
© ©a a
a ©
o p
u p
f t •H
© •
p >H
•H
© nd
Pi P
P ©
©
•H
CO
*3
nd ©
P
©
§
•8
JGo
£
2 to
s  -3
2 t
*  *s s•H *H 
P *
-P  ©
03 >
•HT~ -P •H
il C4 O
JO  f t
03
03H&
f tO
I s o la t io n  o f m u ltip le  se ro ty p es  o f Y. e n te r o c o l i t ic a  from 
in d iv id u a l  samples (ex c lu d in g  a l l  bu lked  m a te r ia ls )
Sample ' No. "0" se ro ty p es  i s o la te d
M ilk, p a s te u r iz e d 1 5; 14
M ilk, p a s te u r iz e d 2 5; non -typab le
M ilk, p a s te u r iz e d 3 5; 10K1; 14; 7; non- 
ty p a b le
M ilk, p a s te u r iz e d 4 15; rough
Sausages, raw 5 8; non-typable*
Sausages, raw 6 8; 6,30
Sausages, raw 7 5; 5 ,27 ; 7
Sewer swabs 8 5; 5 ,27
* = b io ch em ica lly  Y. f r e d e r ik s e n i i .
Discussion
Comparisons of methods and media
Two o f th e  b a s ic  i s o la t io n  m ethods, nam ely, d i r e c t  enrichm ent and 
p re -en richm en t were compared. Because o f th e  low lik e l ih o o d  of th e re  
b e in g  s u f f ic ie n t  numbers o f Y. e n te r o c o l i t ic a  p re se n t in  most fo o d s , 
d i r e c t  p la t in g  was no t in c lu d ed  in  th e se  com parisons. . The v a r ie d  
n a tu re  o f th e  samples examined and th e  i r r e g u la r i t y  o f t h e i r  a r r i v a l  
in to  th e  la b o ra to ry  caused one o r  two of th e  s tu d ie s  to  be somewhat 
in com ple te . Except f o r  th e  sewer and carcass  swabs and th e  m ilks th e  
samples were re c e iv e d  e i t h e r  as  p a r t  o f th e  normal ro u tin e  commitment 
o r as  p a r t  o f s p e c ia l  su rveys where o th e r  exam inations took p r i o r i t y  
and o f te n  th e re  was very  l i t t l e  sample l e f t  f o r  Y. e n te r o c o l i t ic a  
in v e s t ig a t io n s .
N a tu ra lly  and a r t i f i c i a l l y  contam inated anim al fe e d  -  Study 1 . Both 
th e  n a tu r a l ly  and th e  a r t i f i c i a l l y  contam inated  anim al feeds were 
examined s im u ltan eo u sly  and th e re fo re  th e  le v e l  and id e n t i ty  o f  th e  
n a tu r a l ly  o c cu rrin g  Y. e n te r o c o l i t ic a  was unknown u n t i l  a f t e r  com pletion  
o f bo th  in v e s t ig a t io n s .
Y e rs in ia  e n te r o c o l i t ic a  was i s o la te d  more f r e q u e n tly  and a f t e r  a 
s h o r te r  in c u b a tio n  tim e from th e  a r t i f i c i a l l y  in o c u la te d  sample (P2) 
th an  from th e  n a tu r a l ly  contam inated sample (P I) .  T his was presum ably 
because o f th e  in c re a se d  le v e l  of con tam ination  in  F2. Both s tu d ie s
showed a h ig h e r  reco v ery  r a te  through d i r e c t  enrichm ent in cu b a ted  a t
o o oif C th a n  th rough d i r e c t  enrichm ent in cu b a ted  a t  e i th e r  22 o r  30 C.
Y e rs in ia  e n te r o c o l i t ic a  was n o t reco v ered  th rough  Wauters* b ro th  (WB)
in cu b a ted  a t  4°C in  e i t h e r  study b u t was reco v ered  from 22° and 30°C.
W auters (1973) recommends th e  in c u b a tio n  o f h is  b ro th  (Vffl) a t  29°C o r
22-29°C a lth o u g h  he does no t s t a t e  th a t  i t  should  n o t be in cu b a ted  a t
a  low er te m p e ra tu re . The r e s u l t s  o f bo th  t h i s  s tudy  and th e  e v a lu a tio n
o f b ro th  media in  th e  p rev ious s e c tio n  (see  page ) in d ic a te  t h a t
oY. e n te r o c o l i t i c a  w i l l  n o t grow in  WB in cu b a ted  a t  4  C.
In  n e i th e r  p a r t  o f th i s  study  d id  p re -en rich m en t show any s ig n i f i c a n t  
advantage over d i r e c t  enrichm ent and in  one in s ta n c e  Y. e n te r o c o l i t ic a  
was no t i s o la te d  th rough  p re-en richm en t in  WB when i t  had been reco v ered  
th rough  th e  d i r e c t  enrichm ent b ro th  from which th e  WB had been in o c ­
u la te d .  This f in d in g  was somewhat s u rp r is in g  as  th e  p re -en rich m en t
tech n iq u e  i s  h ig h ly  recommended fo r  th e  i s o la t io n  o f o th e r  pathogens 
from p ro cessed  (d r ie d  o r fro zen ) fo o d s .
There a re  no p u b lish ed  re p o r ts  o f th e  u t i l i z a t i o n  o f v a r ia b le
o ote m p e ra tu re s , o th e r  than  22 and 30 C, fo r  th e  in cu b a tio n  of a g a r  
media f o r  t h e  i s o la t io n  o f Y. e n te r o c o l i t i c a . The r e s u l t s  o f  both  
p a r t s  o f Study 1 in d ic a te d  th a t  th e re  might be some advantage in  incub­
a t in g  th e  a g a r  p la te  a t  th e  o p p o site  tem pera tu re  to  th a t  which th e  
b ro th  had been in cu b ated  (b ro th  a t  4°C, ag a r a t  22° or 30°C and v ic e  
v e r s a ) .  This in  th eo ry  cou ld  reduce th e  w a itin g  time (6 -7  weeks) f o r  
r e s u l t s  i f  Y. e n te r o c o l i t i c a  was re c o v e ra b le  from b ro th s  in cu b ated  a t  
30°C fo r  2 days fo llow ed  by su b -c u ltu re  to  a g a rs  incu b ated  a t  4°C f o r  
14 days* However, th e  i s o la t io n  r a te  was low er from b ro th s  in cu b ated  
a t  30°C th an  from th o se  in cu b a ted  a t  4°C due most p robably  to  ra p id  
overgrow th of Y. e n te r o c o l i t ic a  by o th e r  organism s a t  t h i s  te m p e ra tu re . 
So to  adopt th e  30°C b ro th  p lu s  4°C ag ar would r e s u l t  in  a r a th e r  la rg e  
p ro p o rtio n  o f f a l s e  n e g a tiv e  r e s u l t s ,  which would.be most u n d e s ira b le .
An a tte m p t was a ls o  made to  c o r r e la te  m edia, tem p era tu re  o f incub­
a t io n  and se ro ty p e  s e le c t io n .  None could be dem onstrated on th e  a g a r 
media* However, in  th e  b ro th  media se ro ty p e  0 :8  was i s o la t e d  only  by 
d i r e c t  enrichm ent a t  4°C (3) and pre-enrichm ent a t  22°C (1) whereas 
se ro ty p e  0 :6 ,3 0  was reco v ered  by d i r e c t  enrichm ent a t  k °0  (1) and 30°C 
(1 ) .  i t  i s  d i f f i c u l t  w ith  th e  low con tam ination  r a te  o f  th e  n a tu r a l ly  
in fe c te d  sample to  a t t r i b u t e  t h i s  r e s u l t  to  an y th in g  bu t random sam pling 
r a th e r  th an  to  s p e c i f ic  s e le c t io n .
The p ic tu re  w ith  th e  a r t i f i c i a l l y  contam inated  fe e d  (se ro ty p e s  0 :3  
and 0 :9  added, F2) was s l ig h t ly  d i f f e r e n t .  W auters (1973) s t r e s s e d  
th a t  th e  use o f  WB a p p lie d  s p e c i f i c a l ly  to  th e  i s o la t io n  o f s e ro ty p e s  
0 :3 ,  0 :9  and p o s s ib ly  se ro ty p es  0:1 and 0 :8 .  In  t h i s  exam ination  o f 
a r t i f i c i a l l y  con tam inated  fe e d  th e re  was a s ig n i f ic a n t  s e le c t io n  o f 
se ro ty p e  0 :3  by Wauters* b ro th . This se ro ty p e  was recovered  seven 
tim es from WB (fo u r  a f t e r  p re-en richm en t in  BP) and only  once from 
phosphate b u f f e r .  Serotype 0 :6 ,3 0  was reco v ered  re a d i ly  from most o f 
th e  o th e r  m edia.
Comparison of media f o r  th e  i s o la t io n  o f Y. e n te r o c o l i t ic a  from 194 
foods -  Study 2 . As Y. e n te r o c o l i t ic a  had been recovered  th ro u g h  
b u ffe re d  peptone w ater in cu b a ted  a t  4°C and B rain  H eart In fu s io n  b ro th  
and Wauters* b ro th  in cu b a ted  a t  30°C in  Study 1 th e se  media were chosen 
fo r  Study 2*
U n fo rtu n a te ly  th e re  was f r e q u e n tly  in s u f f ic ie n t  m a te r ia l  a v a ila b le  
so many o f th e se  samples were no t examined in  a l l  th re e  b ro th  m edia.
The sewer swabs which had been sampled a t  a lo c a l  s lau g h terh o u se
gave th e  most in te r e s t in g  r e s u l ts *  A ll th e  swabs were h e a v ily
contam inated w ith  d e b ris  from th e  sew ers, which co n ta in ed  a co n sid e ra b le
amount o f s traw  and f a e c a l  m a tte r . The b u ild  up o f d e b ris  was p a r t ly
caused by th e  swabs having to  be l e f t  in  s i t u  f o r  7 days. Y e rs in ia
e n te r o c o l i t ic a  was i s o la te d  from th re e  o f th e  fo u r  p o s i t iv e  samples
through h ig h ly  n u t r i e n t  B rain  H eart In fu s io n  b ro th  in cu b ated  a t  30°C.
*
This might be a t t r ib u te d  to  th e s e  p a r t i c u la r  swabs be ing  tak en  a t  th e  
end o f a 4  week p e rio d  during  November to  December 1 978 when th e re  was 
f r e q u e n tly  a ground f r o s t  and which was e s p e c ia l ly  ha rd  d u rin g  th e  
fo u r th  week. I t  may be p o s tu la te d  th a t  co ld  tem peratu re  s e le c t io n  
o ccu rred  in  th e  sewers p r io r  to  c o l le c t io n .  The p sy ch ro tro p h s and 
organism s such a s  Y. e n te r o c o l i t ic a  were n o t only  ab le  to  su rv iv e  b u t
a ls o  ab le  to  grow a t  the  expense of th e  s t r i c t  m esoph ilic  organism s so
th a t  when en rich ed  in  EHI in cu b a ted  a t  30°C th e  Y e rs in ia , b e in g  a meso- 
p h ile  and a f a c u l ta t iv e  p sy ch ro tro p h , was a b le  t o  compete more r e a d i ly .
Comparison o f  media f o r  th e  i s o la t io n  o f Y. e n te r o c o l i t ic a  from  272 ___
raw m eats -  Study 3 . Veiy sm all q u a n t i t ie s  o f th e se  meats were 
re c e iv e d  and an exam ination fo r  Cam pylobacter spp . took  p r i o r i t y .  Only 
one b ro th  medium could  be chosen f o r  t h i s  s tudy  b u t i t  was p o s s ib le  to  
compare th e  a g a r m edia.
Deoxycholate c i t r a t e  sucrose  ag a r f a i r e d  v e ry  p o o rly , many problems 
b e se t t h i s  medium which were f i r s t  m an ifested  by th e  lo s s  o f th e  
c h a r a c te r i s t i c  appearance o f Y. e n te r o c o l i t i c a . F u r th e r  in v e s t ig a t io n  
showed th a t  th e  appearance and grow th o f Salm onella spp* was a f f e c te d  
a l s o .  D esp ite  a  f u l l  in v e s t ig a t io n  and c o rre c t io n  o f a s e r ie s  o f 
e r ro r s  th e  medium has never reg a in ed  th e  o r ig in a l  c h a r a c te r i s t i c s  
(K endall 1982b).
The ap p aren t success of LEE a g a r  in  th e  f i r s t  237 sam ples and 
f a i l u r e  in  th e  rem ain ing  35 samples may have been due a t  l e a s t  in  p a r t  
to  P ro teu s  swarming and masking th e  d ia g n o s tic  fe a tu re s  o f Y. e n te ro ­
c o l i t i c a . This problem re c u rre d  from tim e to  tim e th roughou t th e  
s tu d ie s  and was caused by v a r ia t io n  in  th e  in h ib i to r y  q u a l i ty  o f th e  
b i l e  s a l t s  in  th e  MacConkey base medium. These v a r ia t io n s ,  acco rd in g  
to  th e  m an u fac tu rer, were unavoidable (K endall 1 982b).
No op in io n  could  be formed on th e  perform ance of la c to s e  su cro se
urea agar as it had not been used for sufficient samples.
Comparison o f methods and media f o r  th e  i s o la t io n  o f Y. e n te r o c o l i t ic a  
from bu lked  m echan ica lly  deboned pork and v e g e ta b le s  -  Study 4 . The 
problems encoun tered  w ith  LEE and DCSA a g a rs  as w e ll as th e  s iz e  (i g) 
o f th e  sam ples examined may account f o r  th e  i s o la t io n  o f y . en te ro ­
c o l i t i c a  from on ly  1/100 sam ples o f m echan ica lly  deboned pork in  th e  
o r ig in a l  exam ination (Study 3)* In  th i s  s tu d y  25 g q u a n t i t ie s  o f th e  
bulked  m echan ica lly  deboned pork  were examined.
The d i f f i c u l t i e s  a lre a d y  experienced  w ith  LEE and DCSA a g a rs  were 
a ls o  re p e a te d  in  t h i s  s tu d y . As th e  base f o r  D4 ag a r i s  DCSA i t  must 
be assumed th a t  th i s  a lso  was a f f e c te d .
Y e rs in ia  e n te r o c o l i t ic a  was not i s o la te d  from th e  bulked samples 
of m ech an ica lly  deboned pork in  d i r e c t  enrichm ent b ro th s  and sub­
c u ltu re d  on to  LEE a g a r  b u t th e re  was no a p p re c ia b le  d if fe re n c e  between 
the  i s o la t io n s  made on LEE and la c to s e  su cro se  u rea  ag ars  in o c u la te d  from 
th e  p re -en rich m en t b ro th .  This d if f e re n c e  in  th e  i s o la t io n  r a te s  on 
th e se  ag ars  su b -c u ltu re d  from  th e  d i r e c t  and p re -en rich m en t b ro th s  was 
p robab ly  due to  th e  g re a te r  s e l e c t i v i t y  o f th e  Wauters* b ro th  r e s u l t in g  
in  a reduced  background f l o r a on t he LEE a g a r  su b -c u ltu re d  from t h i s  
medium.
There was no a p p re c ia b le  d if fe re n c e  between th e  two b ro th  m edia, 
b u ffe re d  peptone and phosphate b u f f e r ,  used f o r  d i r e c t  en richm en t. 
Y e rs in ia  e n te r o c o l i t ic a  was reco v ered  from the  l a r g e s t  number o f samples 
by d i r e c t  en richm ent. The organism  was i s o la te d  from f iv e  samples by 
th e  d i r e c t  enrichm ent tech n iq u e  only  and from a f u r th e r  th re e  sam ples 
by p re -en rich m en t o n ly . This compares fav o u rab ly  w ith  Schiemann*s 
(i 980a) s tu d y  where he re p o r te d  a g re a te r  number o f i s o la t io n s  o f 
Y. e n te r o c o l i t ic a  from raw pork through d i r e c t  enrichm ent in  Wauters* 
b ro th  than  th rough  th e  same b ro th  p re -e n r ic h e d  in  phosphate b u ffe re d  
s a l in e .  In  th i s  s tudy  th e  m a jo rity  o f th e  i s o la t io n s  were made w ith in  
3 weeks in c u b a tio n  and both  PS and BP y ie ld e d  th e  same number o f i s o l a t ­
io n s  a f t e r  3 and 6 weeks in c u b a tio n .
The p re -en rich m en t tech n iq u e  and in c u b a tio n  f o r  6 weeks were not 
a t  t h i s  s ta g e  co n sid e red  f r u i t f u l  enough to  co n tinue  t h e i r  use in  
fu tu r e  s tu d ie s  and so to  f a c i l i t a t e  th e  exam ination  o f a l a r g e r  number 
o f samples in  a  g r e a te r  range o f b ro th  media and in c u b a tio n  te m p e ra tu res  
th e se  tech n iq u es  were abandoned. The co n tin u in g  problems w ith  LEE and 
DCSA ag ars  ren d e red  them u n re lia b le  and so th e se  to o  were abandoned f o r
th e  tim e b e in g . Follow ing th e  success of la c to s e  sucrose  u rea ag ar 
t h i s  was th e  only a g a r  medium re ta in e d  f o r  Study 3*
Comparison o f methods and media f o r  the  i s o la t io n  of Y. e n te r o c o l i t ic a  
from 505 m isce llan eo u s foods and o th e r  m a te r ia ls  -  Study 5 . Very 
s ig n i f i c a n t  d if fe re n c e s  were found in  t h i s  s tu d y . F i r s t l y ,  i s o la t io n  
r a t e s  from b ro th  media in cu b a ted  a t  4°C were co n sid e rab ly  h ig h e r th a n  
th o se  from b ro th  media in cu b a ted  a t  30°C. Secondly, i s o la t io n  r a te s  
from b u ffe re d  peptone w ater and supplem ented phosphate b u f f e r  incub­
a te d  a t  4°C, both  o f which co n ta in  n u t r i e n t s  f o r  g row th , were a t  
l e a s t  tw ice  t h a t  from phosphate b u f f e r  in cu b ated  a t  4°C which r e l i e s  
on th e  n u t r i e n t s  p re se n t in  th e  food  to  be s u f f ic ie n t  f o r  growth o f th e  
organ ism s. There was no s ig n i f ic a n t  d if f e re n c e  between th e  recovery  
r a t e s  from b u ffe re d  peptone w ater and supplem ented phosphate b u f f e r .
The summary of th e  o v e ra l l  perform ance o f th e  b ro th  media (Table 
31) confirm s q u ite  c le a r ly  th a t  2f.°C was by f a r  the  most su c c e ss fu l 
tem p era tu re  f o r  in c u b a tio n  o f th e  b ro th  media and th a t  th e re  was 
very  l i t t l e  d if f e re n c e  between b u ffe re d  pep to n e , phosphate b u ffe re d  
s a l in e  and supplem ented phosphate b u f f e r .  An in s u f f ic ie n t  number of 
sam ples were examined in  W auters’ b ro th  in cu b ated  a t  30°C and by p re ­
enrichm ent in  W auters1 b ro th  a t  22°C to  form any c le a r  o p in ion  abou t 
th i s  medium. However,the i s o la t io n  r a te s  from 36 samples which were 
examined in  W auters1 b ro th  p re -e n ric h e d  from b u ffe re d  peptone w a ter and 
phosphate b u ffe re d  s a l in e  and by d i r e c t  enrichm ent in  the  l a t t e r  two 
media were s im i la r .
On th e  b a s is  o f th e se  r e s u l t s  th e re  seemed l i t t l e  va lue  in  th e  
a d d i t io n a l  tim e , work and media in vo lved  in  t r a n s f e r r in g  th e  p rim ary  
b ro th  c u l tu re  to  th e  secondary  medium a s  in  th e  p re-en richm en t 
te c h n iq u e .
When Schiemann & Toma (1978) examined raw m ilk  and compared d i r e c t  
enrichm ent in  both  W auters1 b ro th  (m odified  Rappaport b ro th )  and 
phosphate b u ffe re d  s a l in e  w ith  p re-en richm en t from cooked meat medium 
and phosphate  b u ffe re d  s a l in e  to  Wauters* b ro th  they  had a c o n s id e ra b ly  
h ig h e r  reco v ery  o f Y. e n te r o c o l i t ic a  th rough  th e  FB/WB com bination th an  
th rough  any o f th e  o th e r m edia. More re c e n t s tu d ie s  (Schiemann 1980a) 
have shown a complete r e v e r s a l  of th e se  r e s u l t s .  When exam ining raw 
pork th e  h ig h e s t i s o la t io n  r a te  was by d i r e c t  enrichm ent in  WB.
I t  i s  re a so n a b le , th e re fo re ,  to  assume th a t  as w ith Salm onella
i s o l a t i o n  th e  m edia and method f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  
must be  t a i l o r e d  to  s u i t  th e  ty p e  o f  food  u n d er ex am in a tio n .
The summary o f th e  o v e ra l l  perform ance o f th e  ag ar media (T able 52) 
le a v e s  no doubt t h a t  of th e  media compared in  th e se  s tu d ie s  LSU was th e  
most s u c c e s s fu l f o r  th e  i s o la t io n  o f Y. e n te r o c o l i t i c a . This medium 
was used f o r  th e  exam ination of more samples th a n  the  o th e rs  b u t when 
compared d i r e c t l y  w ith  th e  o th e r  a g a r s ,  DCSA, D4 and LEE, as  i t  was in  
Study 4 , th e  reco v ery  r a t e  on LSU was 47$ compared to  only  2 .8 $  f o r  
DCSA and D4 and 14$ f o r  LEE. The advantages o f LSU a re  t h a t  a l l  
s t r a in s  of Y. e n te r o c o l i t ic a  have a c h a r a c te r i s t i c  q u a li ty  and sm ell 
w hatever t h e i r  b iochem ical v a r ia t io n s .  The main d isad v an tag es  to  i t s  
use a re  th e  la rg e  number o f in g re d ie n ts  (17 )> th e  v e iy  s p e c i f ic  demand 
f o r  Merck dyes and th e  requirem ent f o r  oxygen f r e e  w ater f o r  p re p a ra t io n . 
N ev erth eless  th e se  d isad v an tag es  a re  f a r  outweighed by th e  su ccess o f 
th i s  medium.
D e sp ite  th e  problem s which b e s e t  LEE a g a r ,  from  tim e to  t im e ,  th e  
o v e r a l l  p erfo rm ance  o f  t h i s  medium was g o o d ,p a r t ly  b ecau se  o f  th e  v e ry
d i s t i n c t  c h a r a c te r i s t i c s  o f Y. e n te r o c o l i t ic a ,  and a ls o  because a l l  t h e ----
s t r a i n s  i s o l a t e d  from  th e  fo o d s  w ere l i p a s e  p o s i t i v e .  H owever, i t  
must be remembered t h a t  many s t r a i n s  o f Y. e n t e r o c o l i t i c a  do n o t p roduce 
th e  Tween r e a c t io n  ( l i p a s e )  and co u ld  th e r e f o r e  b e  e a s i l y  m issed  on t h i s  
a g a r ;  Lee (1977) was aw are o f  t h i s  when he  fo rm u la te d  th e  medium. He 
r e p o r te d  t h a t  t h i s  a g a r  was more s u c c e s s fu l  th a n  S a lm o n e lla -S h ig e lla  
a g a r  f o r  th e  re c o v e ry  o f  ”n a t iv e  i s o l a t e s ” o f Y. e n t e r o c o l i t i c a  from  
a r t i f i c i a l l y  in o c u la te d  m eat and o y s te r  sam ples and goes on t o  s t a t e  
t h a t  t h i s  medium was p a r t i c u l a r l y  u s e f u l  f o r  th e  d i f f e r e n t i a t i o n  o f  
Y. e n t e r o c o l i t i c a  from  o th e r  n o n - la c to s e  fe rm e n tin g  b a c t e r i a .  T h is 
s ta te m e n t c o u ld  no doubt l e a d  to  many s t r a i n s  o f  th e  o rgan ism s b e in g  
ig n o re d  a s  l a c to s e  fe rm e n tin g  Y. e n t e r o c o l i t i c a  o ccu r q u i te  f r e q u e n t ly .
A d d itio n a l la b o ra to ry  exam inations of p a s te u r iz e d  m ilk re c e iv e d  f o r  
Study 5 » Y e rs in ia  e n te r o c o l i t ic a  was i s o la te d  from 3/31 m ilk s a l l  
of which had passed  th e  phosphatase  t e s t  which in d ic a te d  th a t  th ey  had 
been a d eq u a te ly  p a s te u r iz e d . I t  i s  th e re fo re  reaso n ab le  to  assume th a t  
p o s t-p a s te u r iz a t io n  con tam ination  had tak en  p lace  p a r t i c u la r ly  as Hanna 
e t a l . (1977&) d em onstra ted* tha t th e  organism  was d estro y ed  in  skimmed 
m ilk a f t e r  h e a tin g  a t  60°C (140°F) f o r  3 min. Milk i s  "deemed
p a s te u r iz e d  when i t  has been re ta in e d  e i t h e r  a t  a tem p era tu re  o f not 
l e s s  th a n  145°F (62.8°C ) and n o t more than  150°F (6$.6°C ) f o r  a t  
l e a s t  30 min o r a t  n o t le s s  th an  161°F (71*7°C) fo r  a t  l e a s t  15 sec ” .
I s o l a t i o n , i d e n t i f i c a t i o n  and in c id en ce
B iochem ical c h a r a c te r iz a t i o n . One o f th e  most h e lp fu l  t e s t s  in  th e  
s c re e n in g  media was C h r is te n s e n 's  u rea  s lo p e . In  g en e ra l t h i s  medium 
i s  in o c u la te d  by s tre a k in g  th e  t e s t  organism  over th e  e n t i r e  su rfa ce  
o f th e  s lo p e . However, du ring  t h i s  study  th e  a g a r  was in o c u la te d  by 
a s in g le  s t r e a k  w ith  a s t r a ig h t  w ire  from th e  bottom  o f th e  b u t t  to  the  
to p  o f  th e  s lo p e . T his proved to  be o f r e a l  d ia g n o s tic  v a lu e , fo r  
w ith o u t f a i l  th e  Y e rs in ia  s t r a in s  f i r s t  tu rn ed  th e  a g a r  mauve a t  th e  
e n try  p o in t in to  th e  b u t t  and th en  on ly  l a t e r  th e  rem ainder o f th e  s lo p e  
went mauve. This e f f e c t  h as  no t been re p o r te d  by any o th e r  w orkers .
The c l e a r  cu t d iv is io n  o f  th e  Y. e n te r o c o l i t i c a  and Y. e n t e r o c o l i t i c a -  
l ik e  group o f  organism s in to  fo u r  new s p e c ie s ,  Y. e n te r o c o l i t ic a  sensu  
s t r i c t o ,  Y. f r e d e r i k s e n i i , Y. in te rm ed ia  and Y. k r i s t e n s e n i i  i s  a re c e n t 
developm ent (B e rco v ie r e t  a l . 1980a; 1980b; B renner e t  a l . 1980; U rsin g  
e t  a l . 1980). In  ap p ly in g  t h i s  c l a s s i f i c a t i o n  to  th e  s t r a i n s  i s o la te d  
in  t h i s  s tu d y  th ey  cou ld  be id e n t i f i e d  e a s i ly .  Tne m a jo r ity  o f th e  156 
s t r a in s  were Y .e n te r o c o l i t ic a  sensu  s t r i c t o ( 144)« w ith  a  few s t r a in s  
o f Y .f r e d e r ik s e n i i  ( 3 ) and Y .in te rm ed ia  ( 9 ) ,  bu t Y .k r i s te n s e n i i  was 
n o t found .
A n tib io t ic  s e n s i t i v i t y  p a t t e r n s . A lthough th e re  were only  a few s t r a i n s  
o f Y. f r e d e r ik s e n i i  and Y. in te rm ed ia  i s o la te d  in  t h i s  s tu d y , and w ith  
which to  compare Y. e n te r o c o l i t i c a  sensu  s t r i c t o  th e re  were no obvious 
m ajor d if f e r e n c e s  between th e  sp e c ie s  in  t h e i r  r e s i s t a n c e / s e n s i t i v i t y  
to  th e  a n t ib io t i c s  t e s t e d .  Because o f  th e  v a r ie d  methods by which 
a n t i b i o t i c  s e n s i t i v i t y  p a t te r n s  a re  de term ined  d i r e c t  com parison w ith  
p a r t i c u l a r  r e p o r ts  i s  d i f f i c u l t .  In  g e n e ra l , however, Y. e n te r o c o l i t i c a  
has been found to  be s e n s i t iv e  to  t e t r a c y c l in e ,  ch lo ram p h en ico l, c o l i s t i n ,  
neomycin and sulphonam ides, s l i g h t ly  s e n s i t iv e  to  a m p ic i l l in  and r e s i s t a n t  
to  ery th rom ycin  and benzyl p e n i c i l l i n .  The r e s u l t s  o f th e  p re s e n t  s tu d y  
were very  s im i la r .
V a r ia tio n s  o f th e  'n o rm a l' p a t te r n  have been observed  and C h es te r & 
S to tzk y  (1976) and R aevuori e t  a l . (1978) a ttem p ted  to  c o r r e la te  b io ­
chem ical c h a r a c te r i s t i c s  w ith  a n t i b i o t i c  p a t te rn s  w h ils t  X ouw atli e t  a l .
(1 979) have shown th a t  in c u b a tio n  tem p era tu re  may have some in f lu e n c e  on 
r e s u l t s .  C o rn e lis  (1981), however, has c o r r e la te d  se ro ty p e  and
p ro d u c tio n  o f ^ -la c ta m ase s  w ith  a n t ib io t ic  p a t te r n s .
I t  has been shown th a t  Y. e n te r o c o l i t ic a  can a c t as a r e c ip ie n t  of 
R p lasm ids and so l i k e  many o th e r e n te ro b a c te r ia  i t  i s  p o s s ib le  f o r  
th e  a n t ib io t i c  p a t te rn s  o f t h i s  organism  to  change i f  i t  has been 
a s s o c ia t in g  w ith  a n o th e r organism c a r ry in g  a re s is ta n c e  p lasm id . I t  
i s  known th a t  S. ty p h i p lasm ids t r a n s f e r  b e t t e r  a t  28°C th an  a t  h ig h e r 
te m p e ra tu re s . I t  i s  p o ss ib le  th a t  plasm ids a re  re sp o n s ib le  f o r  some 
of th e  v a r ia b le  f a c to r s  which occur w ith  Y. e n te r o c o l i t ic a  e s p e c ia l ly  
as tem p era tu res  below 30°C a re  f r e q u e n tly  used f o r  in c u b a tio n  o f 
enrichm ent c u l tu re s  where th e re  a re  la rg e  p o p u la tio n s  o f o th e r  e n te ro ­
b a c te r ia  which may be c a rry in g  p lasm id s.
S e ro lo g ic a l i d e n t i f i c a t io n
Comparison o f r e s u l t s  o b ta ined  u sin g  d i f f e r e n t  methods. I t  was re p o rte d  
by Wauters (1981) th a t  Y. e n te r o c o l i t ic a  may change from a smooth (s)  
form to  a rough (r ) form more f re q u e n tly  th an  o th e r  e n te ro b a c te r ia  and 
th a t  t h i s  phenomenon i s  enhanced by growth a t  37°C. W auters m a in ta in s  
th a t  in  in te rm e d ia te  R form s a p a r t  from th e  s p e c if ic  *0' a n tig e n  an R 
a n tig e n  i s  re sp o n s ib le  f o r  n o n -sp e c if ic  c ro ss  re a c tio n s  between s t r a in s  
o f u n re la te d  'O ' groups and even w ith  o th e r  G-ram-negative b a c te r ia .
T his e s p e c ia l ly  occurs w ith  h ea ted  b a c te r ia  w hile  non-heated  a n tig e n s  
g ive s p e c i f ic  a g g lu tin a t io n  in  th e  ’ 01 serum. R a g g lu tin in s  can be 
removed by a b so rp tio n  w ith  a rough u n re la te d  Ye e n te r o c o l i t ic a  s t r a i n  o r  
even by an R form of E. c o l i .
A lthough W auters p rep a res  h is  s e ra  in  r a b b i ts  using  h e a te d  a n tig e n s  
h is  a g g lu t in a t io n s  a re  c a r r ie d  out using  unheated  su sp en sio n s .
The FHLS Y e rs in ia  R eference L abora to ry  (YRL) fo llow s th e  methods o f  
W auters whereas th e  FHLS D iv is io n  o f E n te r ic  Pathogens (DEP) p re p a re s  
i t s  own se ra  and c a r r ie s  out a g g lu tin a t io n  u sing  h ea ted  suspensions and 
pure absorbed  s e r a ,  as th ey  do f o r  any o th e r  e n te r ic  pathogens w ith  '0* 
a n tig e n s . The purpose of th e  steam ing i s  to  d es tro y  any 'K ' a n tig e n  
which might mask th e  ' 0 f a n tig e n .
F if te e n  o f 35 p re v io u s ly  untypab le  (unsteam ed) s t r a in s  which had 
been i s o la te d  in  th e se  s tu d ie s  cou ld  be id e n t i f i e d  w ithou t any c ro ss  
re a c t io n s  o c cu rrin g  u sin g  steamed suspensions and only two s t r a in s  
became rough during  steam ing . This in c re a se  in  th e  number o f s t r a in s
e
which could  be typed  len d s  c o n s id e ra b le  support to  th e  case  f o r  th e  use 
o f steamed an tig en s  f o r  Y. e n te r o c o l i t ic a  a g g lu t in a t io n s .  The more
s t r a i n s  which can  be f u l l y  i d e n t i f i e d  th e  b e t t e r  th e  e p id e m io lo g ic a l 
p ic tu r e  which may be o b ta in ed *
S erology o f 30 n on-typab le  i s o l a t e s . At th e  tim e th a t  t h i s  s tudy  was 
c a r r ie d  out a la rg e  number o f th e  food i s o la te s  had been re p o rte d  as  
non -ty p ab le  by YRL and th e  f a c i l i t i e s  of the  DEP were no t y e t a v a i la b le .  
The fo u r  s e ra  were p rep ared  from non-typab le  s t r a in s  w ith  v a r ia b le  b io ­
chem ical c h a r a c te r i s t i c s  and a n tig e n ic  l in k s  were dem onstrated  between 
some of th e se  s t r a in s  u s in g  steamed a n tig e n s . These l in k s  were l a t e r  
confirm ed by th e  DEP who a ls o  id e n t i f i e d  th e  se ro ty p es  o f 13 o f th e  30 
s t r a i n s .
In c id en ce
I n  g e n e r a l ,  th e  i s o l a t i o n s  o f  Y. e n t e r o c o l i t i c a  r e p o r te d  i n  t h i s  
s tu d y  a re  from  s im i la r  so u rc e s  to  th o s e  w hich have been  i d e n t i f i e d  i n  
o th e r  p a r t s  o f th e  w o rld , w ith  th e  p o s s ib le  e x c e p tio n  o f  an im al fe e d in g  
m ea l, from  w hich th e r e  a r e  no o th e r  r e p o r te d  i s o l a t i o n s .
D a iry  p ro d u c ts . The i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  m ilk  and  d a i ly
p ro d u c ts  h as  been  r e p o r te d  from  Au s t r a l i a ,  Canada, Czech o s lo v a k ia  and___
F ran ce  (Hughes 1979, 1980; Schiemann 197% ; Schiemann & Toma 1978; 
A ldova e t  a l . 1975; Vidon & Delmas 1981) b u t by f a r  th e  l a r g e s t  number 
o f  i s o l a t i o n s  have been  made from  th e  raw p ro d u c t .  However, Schiemann 
(1978a) and Hughes (1979) b o th  su rv ey ed  p a s te u r iz e d  d a i ry  p ro d u c ts ,  
most o f  w hich w ere ta k e n  from  th e  p ro c e s s in g  p l a n t s .  Schiem ann*s s tu d y  
r e v e a le d  an  in c id e n c e  o f  o n ly  0 .4 $  Yc e n t e r o c o l i t i c a  i n  sam ples w hich 
in c lu d e d  hom ogenized m ilk , skim  m ilk , cream , m ilk  shakes and  c h o c o la te  
m ilk .  The o n ly  s t r a i n  fo u n d , w hich came from  hom ogenized m ilk  was 
i d e n t i f i e d  a s  s e ro ty p e  0 :34  and p o s se s se d  a t y p i c a l  VP n e g a t iv e ,  c i t r a t e  
p o s i t i v e  b io c h e m ic a l r e a c t io n s .  Hughes (1979) i s o l a t e d  a much l a r g e r  
number o f  s t r a i n s  from  an  in d e te rm in a te  number o f  sam ples o f  p a s te u r i z e d  
m ilk  and cream  from  two f a c t o r i e s .  The m a jo r i ty  o f  th e  s t r a i n s  were 
r e p o r te d  to  be t y p i c a l  Y. e n t e r o c o l i t i c a  b u t two i s o l a t e s  were s a id  to  be 
rham nose, r a f f i n o s e  and c i t r a t e  p o s i t i v e  w hich i f  compared t o  th e  
c l a s s i f i c a t i o n  o f  B e rc o v ie r  e t  a l . (1980a) w ere p ro b a b ly  Y. in te r m e d ia . 
Only two s e ro ty p e s  w ere i d e n t i f i e d ,  0:5  and 0:5>27*
The i s o la t io n  r a te  of 1 9$ from th e  p a s te u r iz e d  m ilk examined in  th e  
p re se n t s tudy  was c e r ta in ly  c o n s id e ra b ly  h ig h e r  th a n  th a t  o b ta in e d  in  
Schiemann*s study^but i t  i s  d i f f i c u l t  to  compare w ith  Hughes* r e s u l t s  as
she f a i l e d  to  re p o r t  th e  t o t a l  number o f samples examined. This 
h ig h e r  i s o la t io n  r a te  in  the  p re se n t s tudy  may in  p a r t  be due to  the 
m ilk  having been sampled a t  th e  custom er end o f th e  p ro ce ss in g  chain  
and th e re fo re  any organism s p re se n t had more tim e to  grow*
In  c o n tra s t  to  th e  Canadian and A u s tra lia n  i s o l a t e s  th e  s t r a in s  
found in  th i s  p re se n t study were a l l  b io ch em ica lly  Y. e n te r o c o l i t ic a  
sensu s t r i c t o  and re p re se n te d  a wide v a r ie ty  of s e ro ty p e s . As in  
Hughes' s tu d y  th e  most common se ro ty p e  id e n t i f i e d  was 0 :5  bu t o f th e  
o th e r  f iv e  types found a s in g le  i s o la t io n  o f se ro ty p e  0 :8  was th e  most 
in t e r e s t in g  as i t  was t h i s  se ro ty p e  which was re sp o n s ib le  f o r  th e  
ch o co la te  m ilk  ou tb reak  in  th e  USA (Black e t a l . 1978). These r e s u l t s  
a ls o  re v e a le d  th a t  in d iv id u a l sam ples o f p a s te u r iz e d  m ilk  may c o n ta in  
numerous d i f f e r e n t  s e ro ty p e s .
I t  i s  r e a s o n a b le  to  assum e t h a t  th e  co n ta m in a tio n  o f  th e  p a s te u r iz e d  
m ilk  by Y. e n t e r o c o l i t i c a  o c c u rre d  a f t e r  p ro c e s s in g  b e c a u se , f i r s t l y ,
31 o f th e  sam ples were examined f o r  and passed  th e  phosphatase  t e s t  
which confirm ed th a t  they  had been through th e  p a s te u r iz a t io n  p ro c e ss . 
D esp ite  th i s  Y. e n te r o c o l i t ic a  was i s o la te d  from 3 o f th e  31 sam ples. 
Secondly, Hanna e t  a l . (1977&) were a b le  to  dem onstrate th a t  d e s tru c t io n  
o f Y .e n t e r o c o l i t i c a  occu rred  a f t e r  h e a tin g  a t  60°C (140°F) f o r  3 min.
The le g a l  tem pera tu res f o r  p a s te u r iz a t io n  of m ilk in  th e  UK i s  145°^ 
(62.8°C ) f o r  30 min o r 161°F (71 .7°C) f o r  15 sec w hich, based  on H anna's 
f ig u r e s ,  shou ld  be s u f f i c i e n t  to  d e s tro y  any Y. e n te r o c o l i t ic a  p re s e n t .
Raw m eat an d  p o u l t r y . B e e f , po rk  and  p o u l t r y  have a l l  been  r e p o r te d  a s  
so u rc e s  o f  Y. e n t e r o c o l i t i c a  and o f  th e s e  m eats^pork  has u s u a l ly  y ie ld e d  
th e  h ig h e s t  i s o l a t i o n  r a t e s .
Schiemann (1 980a) o b ta ined  a 49$ i s o la t io n  r a t e  o f Y. e n te r o c o l i t i c a  
from raw pork p ro ducts  b u t only  7$ from p ro cessed  m eats. F o r ty  p e r  c en t 
o f h is  i s o la t e s  were ty p a b le  and many were id e n t i f i e d  as se ro ty p e  0:3> 
th e  m a jo r ity  o f which came from f r e s h  pork to n g u es. Serotype 0 :5  was 
th e  next most f r e q u e n tly  i s o la te d ,  w ith  one o r  two i s o la t e s  o n ly  o f f iv e  
o th e r  s e ro ty p e s , one o f which was 0 :8 .  Although i t  i s  obvious from 
Schiem ann's p aper th a t  n o t a l l  th e  s t r a in s  were Y. e n te r o c o l i t ic a  sensu  
s t r i c t o  i t  was no t p o s s ib le  to  id e n t i f y  th e  ex ac t b iochem ical ty p es  
because o f in s u f f i c i e n t  in fo rm a tio n . L e is tn e r  e t a l . (1975) a ls o  
re p o r te d  a h igh  is o la t io n  r a t e  of Y. e n te r o c o l i t ic a  from raw pork (3 5 $ ). 
This su rvey  a lso  in c lu d ed  raw b e e f and p o u ltry  from which th ey  i s o la t e d  
11$ and 29$ r e s p e c t iv e ly .  The l i t e r a l  t r a n s la t io n  o f th e  i d e n t i t y  o f
th e  organism s i s o la te d  was "Y. e n te r o c o l i t ic a  in  th e  narrow sense" bu t 
as some o f th e se  s t r a in s  ferm ented  rham nose, acco rd in g  to  B erco v ie r 
e t  a l . (1980a) a t  l e a s t  a few o f th e se  i s o la t e s  were p robab ly  Y. f r e d e r ik ­
s e n i i . In  a d d it io n  Y. e n te r o c o l i t i c a - l ik e  organism s were found in  b eef 
( 16$ ) ,  pork (35%) and p o u ltry  (46$ ) .  Sero types 0:5A, 0 :6  and 0 :7  were 
th e  most f r e q u e n tly  found and 48$  of th e  s t r a in s  of Y. e n te r o c o l i t ic a  were 
n o n -ty p a b le .
N orberg 's  (1981) 24 .5 $  i s o la t io n  o f Y. e n te r o c o l i t i c a  from fro zen  
chicken  was no t very  d i f f e r e n t  to  L e i s tn e r 's  r e s u l t s .  Only 7 of* 22 
i s o la t e s  were ty p a b le  w ith  th e  te n  s e ra  a v a i la b le  and th e se  belonged to  
0 :6 , 0:4> 0 :5b  and 0 :8 . B iochem ical r e s u l t s  were no t re p o r te d .
In  c o n tra s t  to  th e  fo reg o in g  r e s u l t s  th o se  ob ta in ed  in  th e  p re sen t 
s tu d ie s  a re  somewhat low , on ly  5$ i s o la t io n s  from b e e f , 21$ from pork 
( in c lu d in g  sausages) and 4$  from ch ick en . These f ig u re s  in c lu d e  on ly  
th o se  foods where a t  l e a s t  25 g was examined and a re  f o r  Y. e n te r o c o l i t ic a  
sensu  s t r i c t o  on ly  and not th e  o th e r  s p e c ie s . However, even th e  in ­
c lu s io n  o f th e se  o th e r  sp e c ie s  would no t in c re a s e  th e  i s o l a t i o n  r a t e s  to  
an y th in g  l ik e  th o se  o b ta in ed  by Schiemann (1980a), L e is tn e r  e t  a l . (1975) 
o r Norberg (1981). In  th e  p re se n t study th e  most common se ro ty p e  was 
ag a in  0 :5  w ith  0 :5*27 , 0 :6 ,3 0  and 0 :8  much in  ev id en ce . I t  was a ls o  
dem onstrated th a t  m u ltip le  se ro ty p es  may be p re s e n t e s p e c ia l ly  in  
sa u sa g e s . Not a l to g e th e r  s u rp r is in g  c o n sid e rin g  th e  many so u rc e s , and 
th e  v a r ie ty  o f th e  meats which a re  minced to g e th e r  to  make th e  B r i t i s h  
sau sag e . Those produced by in d iv id u a l  b u tc h e rs  on t h e i r  own prem ises 
p robab ly  c o n ta in in g  th e  g re a te s t  v a r ie ty .
O ther sa m p le s . The p u rp o se  o f  exam ining s la u g h te rh o u se  sew er swabs 
had  been  to  o b ta in  some in d i c a t io n  o f  th e  p re se n c e  o f  Y. e n t e r o c o l i t i c a  
in  dom estic  c a t t l e ,  sheep and p ig s  in  t h i s  c o u n try  b e fo re  i n v e s t i g a t in g  
in d iv id u a l  s p e c ie s .  In  th e  ev en t th e  f i r s t  i s o l a t i o n s  o f Y. e n te r o ­
c o l i t i c a  were n o t made u n t i l  th e  end o f  th e  t r i a l  p e r io d  and b e c a u se  o f  
bad  w ea th e r and o th e r  commitments b o th  in  th e  la b o r a to r y  and a t  t h e  
s la u g h te rh o u se  i t  was n o t p o s s ib le  to  a r ra n g e  f u r t h e r  v i s i t s  and  c a r r y  
o u t a  more in te n s iv e  s u rv e y . However, some c a rc a s s  swabs w ere o b ta in e d  
d u r in g  th e  e a r ly  v i s i t s  b u t Y. e n t e r o c o l i t i c a  was n o t i s o l a t e d .  The 
re a so n s  f o r  th e  la c k  o f  i s o l a t e s  was most l i k e l y  to  be th e  n a tu r e  and 
s iz e  o f  th e  sam p les . A t h r o a t  swab can n o t ab so rb  v e ry  much f l u i d  and 
any Y. e n t e r o c o l i t i c a  p re s e n t  on th e  c a r c a s s  would have been w e ll
d i lu te d  by th e  wash w a te r , bu t in  th e  c ircum stances i t  was no t p o ss ib le  
to  sample by any o th e r  means.
One o f th e  fo u r  sewer swabs from which Y. e n te r o c o l i t ic a  was 
reco v ered  was tak en  from th e  fo u l sewer le a d in g  from th e  slaugh term en’s 
t o i l e t s .  This su g g es ts  v e ry  s tro n g ly  th a t  th e  slaughterm en were 
in fe c te d  from th e  an im a ls . The p ra c t ic e s  o f a s lau g h terh o u se  lend  
them selves to  th e  men very  e a s i ly  becoming in fe c te d  w ith  w hatever 
pathogens m ight be p re se n t on th e  c a rc a s s e s , hand washing was very  in ­
f re q u e n t and f o r  th e  most p a r t  p o in t le s s  and in  t h i s  p a r t i c u la r  
e s tab lish m en t th e  men removed only t h e i r  l e a th e r  aprons b e fo re  going to  
th e  can teen  f o r  t h e i r  m ealbreaks.
A ll th e  s t r a in s  i s o la te d  from th e  swabs were Y. e n te r o c o l i t ic a  sensu  
s t r i c t o  and no t s u rp r is in g ly  one swab co n ta in ed  two s e ro ty p e s . Sero­
type  0 :5  was common to  a l l .
The p resence  o f Y. e n te r o c o l i t i c a  in  anim al fe e d  (meat and bone meal) 
i s  to  be expected  co n s id e rin g  the  p resence  of th e  organism  in  raw m eat. 
One o f th e  two samples from which Y. e n te r o c o l i t ic a  was i s o la t e d  was th e  
bulked  sample examined in  Study 1 and from which s e v e ra l  se ro ty p es  were 
o b ta in ed . The in d iv id u a l samples were no t examined b e fo re  b u lk in g  and 
th e re fo re  i t  was not p o ss ib le  to  say  w hether th e re  was one very  contam­
in a te d  feed  o r  s e v e ra l  c o n ta in in g  s in g le  s e ro ty p e s . However, what i s  
s u rp r is in g  i s  th a t  Y. e n te r o c o l i t ic a  has been i s o la te d  from only  1 o f 139 
samples examined s in ce  th a t  s tu d y .
Cooked ham was th e  on ly  o th e r  food from which Y. e n te r o c o l i t i c a  was 
i s o la te d .  There a re  few re p o r ts  w ith  which to  compare t h i s  r e s u l t  b u t 
Schiemann (1980a) o b ta in ed  7$ i s o la t io n  o f th e  organism from p ro cessed  
pork p ro d u c ts  bu t he d id  n o t examine ham as  such and some o f h is  samples 
were cu red  r a th e r  than  cooked. Ham i s  a  cooked (p a s te u r iz e d )  and cured  
p roduct and Y. e n te r o c o l i t ic a  should  have been d estro y ed  by th e  p ro c e ss ­
in g . However t h i s  p a r t i c u l a r  sample was a s l i c e  from a commercial 
(6-7 lb )  vacuum packed b lo ck  which had a lre a d y  been opened. T herefo re  
con tam ination  might have occurred  e i t h e r  a f t e r  p ro c e ss in g  and d u rin g  
th e  h an d lin g  n ecessa ry  to  vacuum pack o r a f t e r  opening by th e  custom er.
The o v e ra l l  in c id en ce  of th e  d i f f e r e n t  se ro ty p es  i s o la te d  in  th e  
v a rio u s  s tu d ie s  was s im ila r  to  th o se  found by o th e r  w orkers. In  th e  
p re s e n t s tu d ie s  where bulked  samples were in o c u la te d  in to  m u ltip le  
b ro th  media and su b -c u ltu re d  to  m u ltip le  ag ars  th e  number o f i s o l a t e s  o f
p a r t i c u l a r  se ro ty p es  a re  a r t i f i c i a l l y  b o o sted . In  p a r t i c u l a r  th e  
e x c e p tio n a lly  h igh  i s o la t io n  r a t e  o f se ro ty p e  0:8  from th e  anim al 
feed  in  Study 1 was m ainly due to  th e  use o f m u ltip le  media a lth o u g h  
w ithou t i t  some o f th e  se ro ty p es  p re se n t in  sm a lle r numbers might w ell 
have been m issed .
In  summaiy, th e  h ig h e s t  reco v e iy  r a te s  o f Y .e n te r o c o l i t ic a  were on 
la c to s e  su cro se  u re a  a g a r  in cu b ated  a t  30°C and from b u ffe re d  peptone 
w a te r in cu b a ted  a t  4°C; Y e rs in ia  spp . were is o la te d  from 57/IOO4 samples 
in c lu d in g  p a s te u r is e d  m ilk , raw m eats, sewer swabs, anim al feed s  and 
cooked ham; 144 i s o la te s  x-jere b io ch em ica lly  Y .e n te r o c o l i t ic a  sensu 
s t r i c t o , 9 Y .in te rm ed ia  and 3 Y .f r e d e r ik s e n i i , Y .k r is te n s e n i i  was n o t 
found; 14 se ro ty p es  were id e n t i f i e d  in c lu d in g  0 : 5 , 27 , 0 : 6 , 30 , and 
0 : 8 , 17$  o f th e  i s o l a t e s  were n o n -ty p ab le .
GENERAL DISCUSSION
Y e rs in ia  e n t e r o c o l i t i c a , re c o g n iz e d  a s  a  cause  o f human i n f e c t io n  
f o r  n e a r ly  50 y e a r s  has o n ly  been  re g a rd e d  s e r io u s ly  a s  a p o t e n t i a l  
fo o d  p o iso n in g  a g e n t s in c e  1973* when s e v e ra l  l a r g e  community o u tb re a k s  
were r e p o r te d  from  Ja p a n . The v e h ic le s  o f  in f e c t io n  o f  th e s e  o u t­
b re a k s  were n e v e r p ro v en  f o r  a lth o u g h  Y. e n t e r o c o l i t i c a  was i s o l a t e d  
from  many p a t i e n t s ,  th e  common so u rc e s  which were im p lic a te d  e p id e m io l-  
o g ic a l ly  w ere n o t i d e n t i f i e d  b a c t e r i o l o g i c a l l y .
Up to  1976*34 s e ro ty p e s  o f  Y. e n t e r o c o l i t i c a  were r e c o g n iz e d , and 
th e  few  w o rk ers  who w ere i n t e r e s t e d  in  th e  o rgan ism  had  f o r  many y e a rs  
c o n s id e re d  s e ro ty p e s  0 :3  and 0 :9  t o  be t h e  o n ly  ones o f  m e d ica l im p o rt­
a n c e . However, w ith  th e  w id e r  i n t e r e s t  c au sed  by th e  o u tb re a k s  more 
w orkers began i n v e s t i g a t in g  and many o f  th e  o th e r  s e ro ty p e s  w ere 
i s o l a t e d  from  humans a s  w e ll  as  from  a  v a r i e ty  o f an im al and  fo o d  so u rce  
th ro u g h o u t th e  w o rld .
V arious m edia and m ethods were d e s c r ib e d  f o r  th e  i s o l a t i o n  o f  Y. 
e n t e r o c o l i t i c a  b u t many o f  th e s e  w ere f o r  th e  i s o l a t i o n  from f a e c e s  
o n ly . L i t t l e  th o u g h t had been  g iv e n  to  th e  d i f f e r e n c e  in  background  
f l o r a  o f  f a e c e s  and fo o d s and  th e  n eed  to  d evelop  more s u i t a b l e  m edia
and  m ethods f o r  i s o l a t i o n  from  fo o d s . A lthough th e  a b i l i t y  o f  th e
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organism  to  grow a t  4  C had been w idely  e x p lo i te d ,  t h i s  e n t a i l e d  p ro ­
lo n g ed  in c u b a t io n  o f  up to  6 -9  weeks which i s  im p r a c t ic a l  in  th e  
i n v e s t i g a t io n  o f  e i t h e r  fo o d  o r  f a e c e s ,  e s p e c ia l ly  from  o u tb re a k s .
D e sp ite  th e  in c re a s in g  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  fo o d s  
and th e  organism ’s im p lic a te d  r o l e  i n  o u tb re a k s , l i t t l e  in fo rm a tio n  was 
a v a i la b le  a s  to  th e  a b i l i t y  o f  th e  organ ism  to  su rv iv e  o r  grow i n  fo o d s  
u n d er v a ry in g  c o n d i t io n s .
In  th e  UK up to  1976 few  c l i n i c a l  c a s e s  had  b een  re c o g n iz e d  i n  
s p i t e  o f  th e  grow ing w orldw ide i n t e r e s t ,  and th e r e  were no p u b lis h e d  
r e p o r t s  to  show in c id e n c e  o f  th e  o rgan ism  i n  fo o d s .
The in v e s t ig a t io n s  d e s c r ib e d  in  t h i s  work c o n s i s t  o f ;  th e  f i r s t  
r e p o r te d  s tu d y  o f  th e  grow th and s u r v iv a l  o f  Y. e n t e r o c o l i t i c a  i n  fo o d s 
s to r e d  u n d e r  v a ry in g  c o n d it io n s  in c lu d in g  a s tu d y  o f  th e  e f f e c t  o f  pH 
and sodium c h lo r id e ;  th e  f i r s t  com prehensive s tu d y  o f  th e  g ro w th , 
s u r v iv a l  and i s o l a t i o n  o f  th e  organism  th ro u g h  v a r io u s  b r o th  m edia and  
on a g a r  m ed ia , in c lu d in g  an  ex am in a tio n  o f th e  e f f e c t  o f  dyes and  o th e r  
a g e n ts  w hich m igh t be used  to  im prove o r  fo rm u la te  new m edia w ith  
p a r t i c u l a r  r e f e r e n c e  to  i s o l a t i o n  from  fo o d s ; th e  f i r s t  in t e n s iv e  s tu d y  
o f th e  in c id e n c e  o f Y. e n t e r o c o l i t i c a  i n  fo o d s  and o th e r  m a te r ia ls
o b ta in e d  in  th e  UK.
I t  was shown t h a t  two t e s t  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  s e ro ty p e s  
0 :3  and  0 :9  were a b le  to  s u rv iv e  in  b u f f e r e d  B ra in  H ea rt In fu s io n  
b r o th  a t  pH 4 .2  and w ere a b le  to  grow s lo w ly  a t  pH 4 .4 .  T hese r e s u l t s  
w ere in  c o n t r a s t  t o  th o s e  o b ta in e d  by Hanna e t  a l . (1 977b) who re p ­
o r te d  l i t t l e  o r  no grow th  o f  Y. e n t e r o c o l i t i c a  a t  pH 5 .0  b u t i n  a  l a t e r  
s tu d y  S te rn  e t  a l . (1 980a) co n firm ed  th e  a b i l i t y  o f  th e  organism  to  
grow a t  v a lu e s  a s  low a s  pH 4 .6 .  However he showed t h a t  a t  pH 4 .4  
th e r e  w ere some b a c t e r io c i d a l  o r  b a c t e r i o s t a t i c  in f lu e n c e s .  The
r e s u l t s  o b ta in e d  in  t h i s  s tu d y  f o r  Y. e n t e r o c o l i t i c a  a re  s im i la r  to  
th o s e  r e p o r te d  f o r  some o f  th e  o th e r  e n t e r i c  p a th o g e n s . The minimum 
v a lu e s  a t  w hich  th e  grow th o f  S . t.yph i i s  i n i t i a t e d  i s  pH 4 .0 - 4 .5  and 
t h a t  o f S . p a r a ty p h i  and S. s c h o t tm u e l le r i  pH 4 .5  ( C o r le t t  & Brown 1 980)
The a b i l i t y  o f  Y. e n t e r o c o l i t i c a  to  s u rv iv e  a t  such  low pH v a lu e s  
does c r e a te  th e  p o s s i b i l i t y  t h a t  p ro lo n g e d  s to r a g e  o f even an  a c id ic  
fo o d  m ight be h a z a rd o u s . T h is  p o t e n t i a l  h a z a rd  i s  much g r e a t e r  w ith  
"home made" p ro d u c ts  th a n  w ith  th o s e  co m m erc ia lly  p ro d u ced . The
com m ercial m a n u fa c tu re r  h a s  to  en su re  a  re a s o n a b le  s h e l f  l i f e  f o r  h i s  
p ro d u c t and i s  th e r e f o r e  l i k e l y  to  keep th e  pH v a lu e  a s  low a s  p o s s ib le  
w ith o u t making i t  o r g a n o le p t ic a l ly  u n a c c e p ta b le .  The ty p e s  o f  a c id  
fo o d  w hich  w ould n o rm a lly  be th o u g h t to  be s a f e  and u n l ik e ly  to  cau se  
i l l n e s s  from  e n te r ic  p a th o g en s  in c lu d e s  such  p ro d u c ts  a s  fe rm e n ted  
v e g e ta b le s ,  p i c k le s ,  m ayonnaise sau ce  and s a la d  d r e s s in g s .  However,
Y. e n t e r o c o l i t i c a  has  b een  i s o l a t e d  from  egg m ayonnaise a lth o u g h  some 
a u th o rs  a p p e a r  to  have t r a n s l a t e d  t h i s  a s  t a r t a r  sauce (A ldova e t  a l .
1975)> and th e  r e l a t e d  o rgan ism  Y. p s e u d o tu b e rc u lo s is  h as  b een  found  
in  p ic k le d  p ro d u c ts  (K uznetsov  e t  a l . 1 9 7 5 ) . U n fo r tu n a te ly  th e  pH o f  
n e i t h e r  o f th e s e  p ro d u c ts  i s  known. A lthough th e  norm al pH ra n g e  o f 
com m ercial m ayonnaise sa u c e s  and s a la d  d re s s in g s  would be e x p e c te d  t o  
be betw een  pH 3 .0 - 4 .0 ,  th e r e  a r e  many on th e  m arket to d a y  w hich m ust be 
k e p t  i n  th e  r e f r i g e r a t o r  a f t e r  open ing  and  presum ab ly  th e s e  a re  n o t  so  
a c i d i c .  I n  t h i s  s tu d y  i t  was shown t h a t  "home made" m ayonnaise sauce  
may v a iy  from  pH 2 .9 - 4 .8  a c c o rd in g  to  th e  r e c ip e .  However, d e s p i t e  
th e  a b i l i t y  o f  th e  t e s t  s t r a i n s  to  grow a t  pH 4 .4  in  th e  b u f fe re d  B ra in  
H ea rt I n f u s io n  b r o th ,  n e i t h e r  s t r a i n  was a b le  to  s u rv iv e  f o r  more th a n  
18 h i n  sau ce  a t  pH 4 .8 .  Both s t r a i n s  had  d ie d  o u t much e a r l i e r  i n  
th o s e  w ith  lo w er pH v a lu e s .  W hether t h i s  was e n t i r e l y  due to  pH o r  
o th e r  i n h i b i t o r y  f a c t o r s  i s  n o t known. What was s i g n i f i c a n t  was t h a t  
when a  p o r t i o n  o f  th e  m ayonnaise sau ce  pH 4.1 5 was m ixed w ith  p o ta to  a t
pH 6 .0  t h e  a c i d i t y  o f  th e  m ayonnaise sau ce  was n e u t r a l iz e d  and th e  
f in i s h e d  p o ta to  s a la d  was pH 5*8 , an(l  w e ll  w ith in  th e  ra n g e  s u i t a b le  
f o r  r a p id  grow th o f  Y. e n t e r o c o l i t i c a . The home p ro d u c tio n  o f  fo o d s 
such  as p o ta to  s a la d ,  egg m ayonnaise and c o le s la w  i s  becom ing more 
f r e q u e n t ,  b o th  in  l a r g e  s c a le  c a te r in g  i n s t i t u t i o n s  a s  w e ll  a s  f o r  
p r iv a t e  p a r t i e s .  O utbreaks o f  fo o d  p o iso n in g  where t h i s  ty p e  o f  
p ro d u c t has been  th e  v e h ic le  o f  i n f e c t i o n  a r e  n o t unknown. In  th e  USA 
a  v e ry  l a r g e  S h ig e l la  o u tb re a k  was t r a c e d  to  home made s a la d  d r e s s in g  
(Weissman e t  a l . 1974) and th e  p o t e n t i a l  h a z a rd  must n o t be  ig n o re d  in  
t h i s  c o u n try . In  one o f  th e  th r e e  Y. e n t e r o c o l i t i c a  o u tb re a k s  re c o rd e d  
in  th e  UK s in c e  1979 c o le s la w  p re p a re d  in  a h o s p i t a l  k i tc h e n  was 
im p l ic a te d ,  a lth o u g h  n o t b a c t e r i o l o g i c a l l y  p ro v en , as  th e  v e h ic le  o f  
i n f e c t io n  (CDSC, u n p u b lish e d  d a t a ) .
T here i s  no doubt t h a t  f a c t o r s  o th e r  th a n  pH a re  a b le  t o  a f f e c t  
th e  grow th o f  m icroorgan ism s in  fo o d s , one o f  th e s e  b e in g  sodium  c h lo r id e  
c o n te n t .  T h is  s tu d y  showed th a t  th e  grow th o f  Y. e n t e r o c o l i t i c a  i n ­
c u b a te d  a t  30°C i s  i n h i b i t e d  by in c r e a s in g  c o n c e n tra t io n s  o f  sodium  
c h lo r id e  and i n  5$  th e  t e s t  organism s w ere a b le  to  grow b u t much more 
s lo w ly  th a n  i n  3 o r  4 $ . S im ila r  r e s u l t s  w ere l a t e r  o b ta in e d  by S te rn  
e t  a l . (1 980a) who in c u b a te d  t h e i r  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  a t  3° 
and  25°C . The com bined e f f e c t s  o f  pH v a lu e s  and v a r io u s  sodium c h lo r id e  
c o n c e n tr a t io n s  were n o t in v e s t ig a t e d  in  t h i s  w ork.
The in v e s t ig a t io n s  p re s e n te d  i n  t h i s  t h e s i s  on th e  grow th  and 
s u r v iv a l  o f  Y. e n t e r o c o l i t i c a  in  foods s to r e d  a t  a  ran g e  o f  te m p e ra tu re s  
showed t h i s  organism  to  be  e x c e e d in g ly  v e r s a t i l e  and i t s  p re se n c e  i n  
fo o d s  t o  b e  a  cau se  f o r  c o n c e rn .
The ty p e s  o f  fo o d  exam ined w ere chosen  b eca u se  o f t h e i r  a s s o c i a t i o n  
w ith  fo o d  p o iso n in g  o u tb re a k s  m a in ly  cau sed  by o th e r  e n t e r i c  p a th o g e n s , 
and b eca u se  th e y  f r e q u e n t ly  r e c e iv e  a c o n s id e ra b le  amount o f  h a n d lin g  
a f t e r  co o k in g , p a r t i c u l a r l y  in  th e  p r e p a r a t io n  o f  b u f f e t  ty p e  m e a ls .
E a r ly  p r e p a r a t io n  o f such  m eals co u ld  a l s o  mean th a t  th e y  a r e  r e t a in e d  
f o r  p ro lo n g ed  p e r io d s  in  a  r e f r i g e r a t o r .  The Y. e n t e r o c o l i t i c a  t e s t  
s t r a i n s  w ere a b le  to  grow t o  l a r g e  numbers ( i x  10 o rg a n ism s/g ) w ith in  
7 days a t  4°C in  a l l  th e  fo o d s t e s t e d  and  s im i la r  numbers w ere a t t a in e d  
w ith in  30 h in  th e  fo o d s  s to r e d  a t  12 °-3 6 °C . The r e s u l t s  l a t e r  
o b ta in e d  by  S te rn  e t  a l .  (1 980b) from  p a s te u r iz e d  m ilk  in c u b a te d  a t  25°C 
w ere s im i l a r ,  b u t t h e i r  r e s u l t s  from  in c u b a t io n  a t  3°C showed a  s l i g h t l y  
s lo w e r  r a t e  o f  in c re a s e  th a n  th o s e  shown a t  4°C i n  t h i s  p r e s e n t  s tu d y .
None o f  th e  o th e r  common food  p o iso n in g  b a c t e r i a  a re  a b le  to  grow a t  
such  low te m p e ra tu re s  and so th e  r e f r i g e r a t o r  w hich h as  h i t h e r t o  been  
re g a rd e d  a s  a s a f e  p la c e  to  s to r e  fo o d  cou ld  in  th e  r i g h t ,  o r  wrong 
c irc u m s ta n c e s  depend ing  upon how one se e s  i t ,  in c re a s e  th e  ch an ces  o f  
i n f e c t i o n  by  Y» e n t e r o c o l i t i c a  w hich w ould be  a b le  to  outgrow  many o f  
th e  o th e r  b a c t e r i a  p r e s e n t .  The t e s t  s t r a i n s  d id  n o t a f f e c t  e i t h e r  
th e  a p p ea ran ce  o r  s m e ll  o f  th e  foods in  w hich th e y  grew , and th e r e f o r e  
th e  o n ly  c lu e  to  a  p a r t i c u l a r  food  b e in g  u n s u i ta b le  f o r  consum ption 
w ould be th e  sm e ll o r  d is c o lo u r a t io n  p roduced  by  s p o ila g e  o rgan ism s 
w hich may o r  may n o t be p r e s e n t .
The h ig h e r  th e  f r e e z in g  te m p e ra tu re s  th e  more l e t h a l  th e y  a r e  to  
m ic ro o rg an ism s; many more organ ism s a re  k i l l e d  o r  in ju r e d  betw een  -2 °  
t o  -10°C  th a n  a t  -15°C  o r  m ore. U n fo r tu n a te ly ,  b eca u se  h ig h  f r e e z in g  
te m p e ra tu re s  te n d  to  cau se  maximum harm to  th e  foods th e m se lv es  t h e i r  
u se  t o  d e s t ro y  o rgan ism s i s  l i m i t e d ,  and  com m ercia lly  f ro z e n  fo o d s  a r e  
u s u a l ly  s to r e d  a t  -18°C  o r  l e s s .  TOien in o c u la te d  in t o  fo o d s  (ap p ro x ­
im a te ly  103 o rg an ism s/m l) and s to r e d  a t  -20°C  Y. e n t e r o c o l i t i c a  s u rv iv e d  
w ith o u t any  r e d u c t io n  i n  numbers f o r  a t  l e a s t  9 w eeks• Once more th e  
r e s u l t s  r e p o r te d  by Hanna e t  a l . (1 977b) w ere a t  v a r ia n c e  to  th o s e  
o b ta in e d  in  t h i s  s tu d y . They fo u n d  t h a t  t h e i r  s t r a i n s  in o c u la te d
C  Q
i n t o  b e e f  (10 -10 o rg an ism s/m l) d e c l in e d  r a p id ly  and  co u ld  n o t be 
d e te c te d  a f t e r  4  weeks a t  -2 0 °C . L e i s tn e r  e t  a l . (1975) in o c u la te d  
Y. e n t e r o c o l i t i c a  in to  c h ic k e n s  and n o te d  th a t  a f t e r  90 days a t  -18°C  
th e r e  was o n ly  a  s l i g h t  d e c l in e  i n  num bers. The r e s u l t s  o b ta in e d  by 
d i f f e r e n t  w orkers canno t be r e l i a b l y  com pared, v a ry in g  inocu lum  l e v e l s  
( o f te n  n o t shown) to g e th e r  w ith  s t r a i n  v a r i a t i o n  may a c c o u n t f o r  th e s e  
c o n s id e ra b le  d i f f e r e n c e s .  T h a t Y. e n t e r o c o l i t i c a  can  s u rv iv e  f o r  some 
c o n s id e ra b le  tim e  in  th e  f ro z e n  s t a t e  i s  w ith o u t d o u b t. In  t h e  l a t e r  
s tu d ie s  n a t u r a l l y  o c c u rr in g  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  w ere re c o v e re d  
from  b o th  co m m erc ia lly  f ro z e n  raw  ch ick en  w hich had  been  s to r e d  f o r  an  
i n d e f i n i t e  tim e and  from  m e c h a n ic a lly  deboned pork  w hich had  been  i n ­
fo rm a lly  f ro z e n  in  th e  la b o ra to r y  and s to r e d  a t  -20°C  f o r  20 w eeks 
(140 d a y s ) .  I t  m igh t be s a id  t h a t  th e  p re s e n c e  o f  Y. e n t e r o c o l i t i c a  
o r  any  o th e r  p a th o g en  in  such foods i s  o f  l i t t l e  consequence b e c a u se  
th e y  have to  be cooked b e fo re  consum ption . However, f ro z e n  raw  meat 
m ust be thaw ed p r i o r  to  cook ing  and t h i s  p ro c e ss  u s u a l ly  r e s u l t s  i n  a  
q u a n t i ty  o f  f l u i d  exud ing  from  th e  food  to g e th e r  w ith  any b a c t e r i a  
p r e s e n t .  The dan g er i s  th e  d is s e m in a tio n  o f  th e s e  o rgan ism s by  th e
h a n d le r  in t o  th e  k i tc h e n  env ironm en t and on to  o th e r  fo o d s , w hich may 
a l r e a d y  have been cooked, and where th e y  may have tim e  t o  m u l t ip ly  
b e fo re  in g e s t io n .  T h is  i s  a  p roven  method o f  sp re a d  o f  S a lm o n ella  sp p . 
b u t  add to  t h i s  th e  a b i l i t y  o f  Y. e n t e r o c o l i t i c a  to  grow a t  4°C where 
th e s e  co n tam in a ted  cooked fo o d s may be s to r e d  f o r  * s a f e t y ’ and a 
compound d a n g e r a r is e s *
A lthough a l l  th e  known fo o d  p o iso n in g  b a c t e r i a  grow in  th e  food  
v e h ic le  b e fo re  in g e s t io n  th e  mode o f  i l l n e s s  v a r i e s ,  b u t  g e n e ra l ly  i t  
i s  e i t h e r  c au sed  by to x in  p re -fo rm e d  in  th e  food  d u r in g  grow th ( S ta p h . 
a u re u s  and  some B. c e r e u s ) , to x in  form ed d u rin g  s p o r u la t io n  in  th e  g u t 
( C. p e r f r in g e n s ) , o r  by la r g e  dose i n f e c t i o n  o f  th e  i n t e s t i n e  ( S a lm o n e lla ) . 
The in c u b a tio n  p e r io d  o f  S ta p h , a u r e u s , C. p e r f r in g e n s  and  B. c e re u s  a re  
r e l a t i v e l y  s h o r t  (2 -6  h , 8-22  h and 1-16  h r e s p e c t iv e ly )  and  i t  i s  a 
f a c t  t h a t  i n  m ost o f  th e  o u tb re a k s  r e p o r te d  sam ples o f  th e  im p lic a te d  
fo o d  a r e  a v a i la b l e  f o r  la b o ra to r y  e x a m in a tio n . The c a u s a t iv e  o rgan ism s 
a r e  p r e s e n t  in  c o u n ta b le  numbers and a re  v e ry  e a s i l y  i s o l a t e d  (Hobbs & 
G ilb e r t  1974)• However, th e  fo o d  v e h ic le s  a r e  seldom  a v a i l a b l e  in  
s a lm o n e llo s is  o u tb re a k s . Most o f  th e  in v e s t ig a t io n s  have t o  b e  c a r r i e d  
o u t i n  r e t r o s p e c t  on s im i l a r  fo o d s , p o s s ib ly  from th e  same b a tc h ,  i n  
w hich th e  o rgan ism s may o r  may n o t have been  g iv en  th e  o p p o r tu n i ty  to  
grow t o  c o u n ta b le  num bers. B ecause th e  S a lm onella  sp p . may o n ly  be 
p r e s e n t  in  v e ry  low num bers, 1 -2  o r  l e s s  p e r  100 g o f  sam p le , e f f e c t i v e  
en rich m en t te c h n iq u e s  have t o  be u sed  f o r  i s o l a t i o n .
The in c u b a t io n  p e r io d  o f Y. e n t e r o c o l i t i c a  i n f e c t io n  i s  3 -7  d a y s , 
w hich i s  even  lo n g e r  th a n  th a t  o f  S a lm o n e lla  spp and i t  m ust be assum ed 
t h a t  i n  th e  m a jo r i ty  o f  c a s e s  th e  fo o d  v e h ic le  w i l l  have been  d isp o se d  
o f  by  th e  tim e  th e  i l l n e s s  h as  m a n ife s te d  i t s e l f ,  l e t  a lo n e  b een  
re c o g n iz e d , and th e r e f o r e  any s im i la r  fo o d s  exam ined f o r  ep id em io lo g ­
i c a l  p u rp o ses  w i l l  a l s o  c o n ta in  o n ly  low  le v e l s  o f  th e  p a th o g e n .
The c o n v e n tio n a l m ethods f o r  i s o l a t i n g  e n t e r i c  p a th o g en s by  in c u b ­
a t in g  en rich m en t c u l tu r e s  a t  37°C f o r  1 -2  days had been  fo u n d  t o  be  
u n s u i ta b le  even f o r  th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  from  f a e c e s ,  and 
in c u b a tio n  i n  ph o sp h a te  b u f f e r e d  s a l i n e  a t  4°C f o r  6 -9  weeks was th e  
most f r e q u e n t ly  recommended p ro c e d u re . I t  had been  hoped i n  t h i s  w ork, 
t h a t  m ethods o f  i s o l a t i o n  from  fo o d s  co u ld  be found  to  sp eed  up th e  
ex am in a tio n  tim e  by p e rh ap s  u s in g  a  h ig h e r  in c u b a tio n  te m p e ra tu re  i n  
co m b in a tio n  w ith  d i f f e r e n t  m edia.
No s in g le  b ro th  s to o d  o u t a s  s u p e r io r  t o  th e  o th e rs  exam ined i n  
th e s e  s t u d i e s .  The grow th o f  th e  t e s t  s t r a i n s  in  some o f  th e  t r u e
en richm en t b ro th s  ( th o s e  c o n ta in in g  s e l e c t i v e  a g e n ts )  such as  s e l e n i t e  
F , s e l e n i t e  c y s t in e  and W auters* b ro th  was v e ry  v a r i a b le ,  and  w h i ls t  
some o f  th e  Y. e n t e r o c o l i t i c a  s t r a i n s  f a i l e d  to  grow, even i n  p u re  
c u l tu r e ,  many o f  th e  u n d e s ire d  e n t e r o b a c te r ia  grew f r e e l y .  Growth o f 
a l l  th e  Y. e n t e r o c o l i t i c a  t e s t  s t r a i n s  and th e  o th e r  e n t e r o b a c te r ia  was 
v e ry  good i n  b o th  th e  n o n - s e le c t iv e  n u t r i e n t  ty p e  b ro th s  (B ra in  H ea rt 
I n f u s io n ,  b u f f e r e d  pep to n e  w a te r)  and  i n  GN b ro th  w ith  no s e l e c t i o n  
o c c u r r in g ,  even in  th e  l a t t e r  medium.
I t  became obvious d u r in g  th e  f i v e  s tu d ie s  on th e  i s o l a t i o n  o f  
Y. e n t e r o c o l i t i c a  from  fo o d s t h a t  in  p r a c t i c e  th e  h ig h e r  in c u b a tio n  
te m p e ra tu re s  w ere o f  l im i te d  v a lu e  and th a t  w h ich ev er b ro th  medium was 
em ployed f o r  e n r ic h m e n t, in c u b a tio n  a t  4°C was v i r t u a l l y  o b l ig a to r y .  
However, i t  was p o s s ib le  to  red u ce  th e  in c u b a tio n  p e r io d  t o  3 weeks 
in s te a d  o f  6 -9  w eeks. Mehlman e t  a l . (1978) su g g e s te d  t h a t  u s in g  a  
supp lem en ted  p h o sp h a te  b u f f e r  c o n ta in in g  a  so u rce  o f  n u t r i e n t  ( s o r b i t o l )  
and  a  s e l e c t i v e  a g e n t ( b i l e  s a l t s )  t h a t  Y. e n t e r o c o l i t i c a  c o u ld  be 
i s o l a t e d  e a r l i e r  th a n  th ro u g h  ph o sp h a te  b u f f e r e d  s a l i n e .  No e v id en ce  
o f  t h i s  co u ld  b e  found  i n  th e s e  s tu d ie s  a s  a l l  th e  b r o th  m edia gave 
s i m i l a r  r e s u l t s  a f t e r  each  in c u b a t io n  p e r io d .  The s h o r te n e d  in c u b a t io n  
tim e m eant th e  lo s s  o f  a few  i s o l a t i o n s  b u t was more a c c e p ta b le  b o th  from  
t h e  p o in t  o f  speed  o f  r e p o r t i n g  and from  th e  amount o f  r e f r i g e r a t o r  sp ace  
r e q u ir e d  t o  h o ld  an in c r e a s in g  a c c u m u la tio n  o f  en richm en t c u l t u r e s .
T h is  l a t t e r  p o in t  was en d o rsed  vhen th e  s i z e  o f  th e  sam ple t o  be 
exam ined was c o n s id e re d . "When lo o k in g  f o r  sm a ll numbers o f  S a lm o n e lla  
sp p . in  fo o d s  i t  i s  w idely  a c c e p te d  th a t  a t  l e a s t  25 g o f  food  i s
r e q u i r e d  and t h a t  th e  i d e a l  r a t i o  o f  sam ple to  b ro th  medium i s  1 :1 0 .
T h e re fo re  25 g o f  sam ple p lu s  225 o f  b ro th  medium was u sed  w here 
p o s s ib le .  The wisdom o f  t h i s  was co n firm ed  by th e  r e s u l t s  o b ta in e d  
w ith  m e c h a n ic a lly  deboned p o rk  in  s tu d ie s  3 and  4 .  In  s tu d y  3 one gram 
o f  each  sam ple was in c u b a te d  i n  10 ml b u f f e r e d  p ep tone  and  Y. e n te ro ­
c o l i t i c a  was i s o l a t e d  from  1 o f  th e  100 sam ples exam ined. In  s tu d y  4
th e  same sam ples were b u lk e d  to  make 23 l a rg e  sam ples and  25 g o f  each
was in c u b a te d  i n  225 ml b u f f e r e d  p e p to n e ; Y. e n t e r o c o l i t i c a  was
i s o l a t e d  from  10 o f  th e  23 sam p les .
The r e s u l t s  r e p o r te d  by Schiemann & Toma (1978) and  Schiemann
(1 980a) in d ic a te d  t h a t  d i f f e r e n t  m edia and m ethods may be r e q u i r e d  f o r
th e  s u c c e s s f u l  re c o v e ry  o f  Y. e n t e r o c o l i t i c a  from  d i f f e r e n t  f o o d s .
T here  w ere no obv ious in d ic a t io n s  o f  any medium o r  method fa v o u r in g  
i s o l a t i o n  from p a r t i c u l a r  foods exam ined i n  t h i s  p r e s e n t  w ork.
However, th e  r e s u l t s  d id  show t h a t  o c c a s io n a l ly  m edia may fa v o u r  
c e r t a i n  s e r o ty p e s ,  f o r  exam ple s e ro ty p e  0 :3  in o c u la te d  in to  an im al 
fe e d  (S tu d y  1 ) was re c o v e re d  more o f te n  th ro u g h  W au te rs1 b ro th  th a n  
th ro u g h  any o f  th e  o th e rs  u se d . T here was l i t t l e  ev id en ce  to  show 
t h a t  any o f  th e  o th e r  s e ro ty p e s  i s o l a t e d  were fa v o u re d  by any  p a r t i c ­
u l a r  medium.
I t  became obvious d u rin g  th e  c o u rse  o f  th e  e v a lu a t io n  o f  media
t h a t  m ost o f  t h e  a g a r  m edia c u r r e n t ly  i n  u se  such  as d eo x y ch o la te
c i t r a t e  su c ro se  (DCSA), d e o x y ch o la te  c i t r a t e  (DCA), MacConkey (MAC),
H ektoen e n t e r i c  (HEK) and  XLD a g a r  to g e th e r  w ith  th e  few  w hich had  been
s p e c i a l l y  fo rm u la te d  f o r  Y. e n t e r o c o l i t i c a  i s o l a t i o n ,  such  a s  S a lm o n e lla
S h ig e l la  p lu s  d eo x y ch o la te  (SS + D) and LEE a g a rs  grew to o  many o f  th e
unw anted o rg an ism s, and th a t  th e r e  was v e ry  l i t t l e  c o lo n ia l  d i f f e r e n t i a t
io n  betw een  Y. e n t e r o c o l i t i c a  and th e s e  o th e r  o rg an ism s. Most o f  th e
a g a r  m edia a l s o  d is p la y e d  c o n s id e ra b le  v a r i a t i o n  i n  th e  c o lo n ia l  c h a ra c t
e r i s t i c s  o f  d i f f e r e n t  s t r a i n s  o f  Y. e n t e r o c o l i t i c a . L ac to se  su c ro s e
u re a  (LSU) a g a r  was no e x c e p tio n  in  s u p p o r tin g  th e  grow th o f  many
unw anted s p e c ie s  b u t e x h ib i te d  l e s s  c o lo n ia l  v a r i a t io n s  betw een s t r a i n s
o f  Y. e n t e r o c o l i t i c a . In  a d d i t io n  a l l  th e  Y. e n t e r o c o l i t i c a  s t r a i n s
grown on t h i s  medium p roduced  a pungen t c h a r a c t e r i s t i c  sm e ll w hich
a id e d  d i f f e r e n t i a t i o n .  G e n e ra lly  Y. e n t e r o c o l i t i c a  r e q u i r e d  48  h  
o oin c u b a t io n  a t  30 o r  22 C on a l l  th e  a g a r  m edia exam ined b e fo re  th e  
c o lo n ie s  w ere la rg e , enough f o r  c h a r a c t e r i s t i c s  to  be r e c o g n iz e d . These 
f in d in g s  w ere s im i l a r  to  th o se  d e s c r ib e d  by N ilehn  (1 969a) i n  h e r  s tu d y  
o f  LSU, DCA and SS a g a r s ,  when she a l s o  fo u n d  d i f f e r e n t i a t i o n  o f  Y. 
e n t e r o c o l i t i c a  somewhat e a s i e r  on LSU a g a r .  Only th r e e  a g a r  m ed ia , 
nam ely , DCSA, LSU and LEE a g a rs  w ere com pared co m p reh en siv e ly  i n  th e  
f i v e  s tu d ie s  o f  i s o l a t i o n  from  fo o d  sam ples r e p o r te d  i n  t h i s  w ork. 
Y e r s in ia  e n t e r o c o l i t i c a  was i d e n t i f i e d  more f r e q u e n t ly  on LSU a g a r  th a n  
on th e  o th e r  a g a r s .  The c h a r a c t e r i s t i c  sm e ll o f  th e  o rgan ism  on t h i s  
medium b e in g  o f  c o n s id e ra b le  d ia g n o s t ic  v a lu e .
I t  was u n fo r tu n a te  t h a t  th e  b a se  medium o f  DCSA f a i l e d  d u r in g  th e  
s tu d ie s  and some months e la p se d  b e fo re  a  s u i t a b l e  a g a r  c o u ld  be p roduced  
on which Y. e n t e r o c o l i t i c a  would grow s a t i s f a c t o r i l y .  However, th e  
d i f f e n t i a l  c h a r a c t e r i s t i c s  w hich had  p ro v ed  o f  some d ia g n o s t ic  v a lu e  
d u r in g  th e  f i r s t  s tu d y  w ere no lo n g e r  re p ro d u c ib le  w hich may acc o u n t f o r  
th e  p o o r i s o l a t i o n  r a t e  on t h i s  medium i n  l a t e r  s t u d i e s .
D eoxychola te  c i t r a t e  s u c ro se  m a la c h ite  g reen  (D4) a g a r  was th e  
r e s u l t  o f  in v e s t ig a t io n s  t o  fo rm u la te  a new medium o r  im prove an  o ld  one
The problem s w ith  th e  DCSA b ased  medium a l s o  a f f e c t e d  th e  DA a g a r  and 
s tu d ie s  had to  be c u r t a i l e d .  However, b e fo re  th e  problem s o c c u rre d  
i t  had been  shown t h a t  Y. e n t e r o c o l i t i c a  was u n a f fe c te d  by  m a la c h ite  
g reen  in c o rp o ra te d  in to  DCSA a g a r  w h i ls t  o th e r  e n te r o b a c te r ia  in c lu d -  
P ro te u s  w ere i n h i b i t e d .  Sodium d eo x y ch o la te  was i d e n t i f i e d  a s  
th e  f a c t o r  w hich combined w ith  m a la c h ite  g reen  t o  cause  th e  i n h i b i t i o n  
and i t  was shown t h a t  t h i s  e f f e c t  o n ly  o c c u rre d  when th e  two ch em ica ls  
w ere i n  a c e r t a i n  r a t i o  to  one a n o th e r .  There a re  no p u b lis h e d  r e p o r ts  
o f  such  an  e f f e c t  o c c u r r in g  in  r e l a t i o n  t o  Y. e n t e r o c o l i t i c a , b u t 
L e ifso n  (1935) d id  r e p o r t  t h a t  dyes such  as m ethy lene b lu e ,  s a f r a n in  
and n e u t r a l  r e d  when com bined to g e th e r  w ith  sodium d eo x y ch o la te  and 
sodium  c i t r a t e  e x h ib i te d  e x tre m e ly  to x ic  e f f e c t s .  L e ifso n  was 
i n t e r e s t e d  i n  f in d in g  an  im proved medium f o r  th e  i s o l a t i o n  o f  S a lm onella  
sp p . b u t he d id  n o t d e s c r ib e  any in v e s t ig a t io n s  in to  th e  p o s s ib le  
p r a c t i c a l  u se  o f  th e  sodium d eo x y c h o la te /d y e  com bination  and m a la c h i te  
g re e n  was n o t m en tioned  i n  h i s  s t u d i e s .  O ther w orkers  may have d i s ­
co v ere d  t h i s  e f f e c t  and e i t h e r  n e v e r  fo llo w e d  i t  up o r  d ec id ed  t h a t  i t  
was n o t w o rth  r e p o r t in g .  M idgley (1 966) d id  r e p o r t  i n  an  o b sc u re  E as t 
E uropean p u b l i c a t io n  t h a t  th e  genus P a s t e u r e l l a , which a t  t h a t  tim e
in c lu d e d  th e  organ ism s now known a s  Y. e n t e r o c o l i t i c a , Y. p e ,s t is  and
Y. p s e u d o tu b e rc u lo s is , c o u ld  be d iv id e d  in to  two groups on th e  b a s i s  o f 
s e n s i t i v i t y  t o  v a r io u s  dyes in c lu d in g  m a la c h i te  g re e n . O rganism s o f  
th e  genus Y e r s in ia  were a b le  to  grow w e ll  on serum a g a r  c o n ta in in g  
1 : 50 ,000  c o n c e n tr a t io n  o f  t h i s  dye w hereas th e  o rganism s o f  th e  genus 
P a s te u r e l l a  w ere unab le  to  do so . However, f u r t h e r  s tu d ie s  sh o u ld  be 
c a r r i e d  o u t t o  in v e s t ig a t e  th e  f u l l  p o t e n t i a l  o f  t h i s  phenom ena.
O v e ra ll th e  e v a lu a t io n  and i s o l a t i o n  s tu d ie s  showed t h a t  a  b a s ic
om ethod o f  in c u b a t in g  25 g o f  sam ple a t  A C f o r  3 weeks in  225
b u f f e r e d  p ep to n e  and  s u b - c u l tu r in g  a f t e r  1 , 2  and  3 weeks o n to  l a c to s e
su c ro se  u re a  a g a r  w i l l  p ro v id e  re a s p n a b ly  r e l i a b l e  r e s u l t s  w ith  th e  
minimum o f  e f f o r t .  T h is  does n o t p u rp o r t  to  be th e  i d e a l  m ethod f o r  
th e  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  b u t a  te c h n iq u e  w ith  w hich to  
compare o th e rs  a s  r e s e a r c h  p r o g r e s s e s .  Good m ethods and  m edia f o r  th e  
i s o l a t i o n  o f  S a lm o n ella  sp p . from  foods w ere n o t a c h ie v e d  o v e rn ig h t b u t  
o n ly  a f t e r  many c a r e f u l ly  c o n t r o l le d  s tu d ie s  o v er many  y e a rs  and  th e r e  
i s  no re a so n  t o  suppose t h a t  Y. e n t e r o c o l i t i c a  w i l l  be any  d i f f e r e n t .
The b io c h e m ic a l i d e n t i f i c a t i o n  o f  th e  i s o l a t e s  from  th e  fo o d  
sam ples was f a c i l i t a t e d  by th e  r e c e n t  p u b l i c a t io n  o f  a  s e r i e s  o f  p a p e rs
by an  i n t e r n a t i o n a l  group o f  w ork ers  (B e rc o v ie r  e t  a l .  1980a , 1980b; 
B ren n er e t  a l . 1980; U rs in g  e t  a l . 1 9 8 0 ). The m a jo r i ty  o f  th e  s t r a i n s  
i s o l a t e d  were Y. e n t e r o c o l i t i c a  sen su  s t r i c t o  w ith  a  few  s t r a i n s  on ly  o f  
Y. f r e d e r i k s e n i i  and Y. in te rm e d ia . Y e r s in ia  k r i s t e n s e n i i  was n o t 
fo u n d . I t  i s  d i f f i c u l t  to  compare th e s e  i s o l a t e s  w ith  th o s e  r e p o r te d  
e a r l i e r  by  many o th e r  w o rkers  b ecause  a l l  to o  o f te n  b io c h e m ic a l 
r e a c t io n s  w ere n o t f u l l y  d e s c r ib e d  o r  s t r a i n s  were r e f e r r e d  to  sim ply 
a s  He n v iro n m e n ta l” o r  Y. e n t e r o c o l i t i c a - l i k e  o rg an ism s. Y e r s in ia  
e n t e r o c o l i t i c a  i s  f r e q u e n t ly  r e f e r r e d  to  a s  a n o n - la c to s e  fe rm e n tin g  
organism  and  i t  m ust be n o te d  t h a t  a l l  t h e  s t r a i n s  i s o l a t e d  from  th e  
p a s te u r iz e d  m ilk  and  some from  th e  sa u sa g e s , sew er sw abs, an im a l f e e d  
and ham d id  fe rm en t l a c t o s e .  To th e  unwary th e  use o f  an a g a r  medium 
c o n ta in in g  o n ly  la c to s e  w ould r e s u l t  in  a  s i g n i f i c a n t  number o f  s t r a i n s  
b e in g  o v e rlo o k e d .
The e p id e m io lo g ic a l in v e s t i g a t io n  o f  fo o d  p o iso n in g  o u tb re a k s  r e l i e s  
h e a v i ly  on m ethods o f  d i f f e r e n t i a t i o n  o th e r  th a n  b io c h e m ic a l i d e n t i f i c ­
a t i o n .  S e ro lo g ic a l  ty p in g  i s  one o f  th e  m ost common means o f  f u r t h e r  
d i f f e r e n t i a t i n g  many s p e c ie s  o f e n te r o b a c te r ia  and  i t s  v a lu e  l i e s  in  th e  
a b i l i t y  to  b e  a b le  to  ty p e  th e  maximum number o f i s o l a t e s .  I n  th e  
p r e s e n t  s tu d ie s  th e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  r e s u l t s  
o b ta in e d  w ith  VTauters’ w id e ly  a c c e p te d  m ethod u s in g  unsteam ed a n t ig e n s  
and th o s e  w ith  th e  D iv is io n  o f E n te r ic  P athogens method w hich employed 
steam ed  a n t ig e n  s u sp e n s io n s .  The u se  o f  steam ed su sp e n s io n s  i s  a  
s ta n d a rd  p ro ced u re  f o r  th e  i d e n t i f i c a t i o n  o f  th e  M0”. a n t ig e n s  o f  S h ig e l la  
s p p . ,  S a lm o n e lla  sp p . and E . c o l i . Two o f  th e  argum ents p u t  fo rw ard  
a g a in s t  th e  u se  o f  steam ed su sp e n s io n s  f o r  the . s e ro ty p in g  o f  Y. e n te r o ­
c o l i t i c a  a r e  t h a t  h e a t in g  ca u se s  ro u g h n ess  (R fo rm s ) ,  and  a l s o  a f t e r  
h e a t in g  many c r o s s - r e a c t io n s  o ccu r (TCauters 1 9 8 1 ). Only 6 o f  th e  158 
s t r a i n s  i s o l a t e d  d u r in g  th e s e  s tu d ie s  w ere fo u n d  to  be rough a f t e r  
s te a m in g , 5 o f  th e s e  6 R form s w ere i s o l a t e d  th ro u g h  p h o sp h a te  b u f f e r e d  
s a l i n e  o r  supp lem ented  p h o sp h a te  b u f f e r .  P hosphate  b u f f e r e d  s a l i n e  
h a s  f r e q u e n t ly  b een  recommended and used  f o r  th e  i s o l a t i o n  o f  Y. e n te r o ­
c o l i t i c a  and i t  i s  c o n c e iv a b le  t h a t  th e  en richm en t s u b s t r a t e  a l s o  p la y s  
a p a r t  in  th e  p ro d u c tio n  o f th e  R fo rm s . The c r o s s - r e a c t i o n  argum ent 
has no su b s ta n c e  as  th e s e  can  be e l im in a te d  by  th e  p r e p a r a t io n  o f  p u re  
a b so rb e d  s e r a .
These s tu d ie s  showed t h a t  n o t o n ly  Y. e n t e r o c o l i t i c a  se n su  s t r i c t o  
was a b le  to  be s e ro ty p e d  w ith  th e  e x i s t i n g  s e r a .  The ” 0" s e r a  1-3A a r e  
presum ed t o  have been  p re p a re d  from  Y. e n t e r o c o l i t i c a  s e n su  s t r i c t o  b u t
one s t r a i n  o f  Y. f r e d e r i k s e n i i  was i d e n t i f i e d  a s  0 :1 6 ,2 9 . H owever, i t  
i s  known t h a t  many o f  th e  ty p e  s t r a i n s  u sed  i n  th e  p r e p a r a t io n  o f th e  
” 0" groups w hich have been  added to  th e  s e ro ty p in g  scheme in  r e c e n t  
y e a r s ,  t h a t  i s  ty p e s  0 :3 5  onw ards, a re  n o t a l l  Y. e n t e r o c o l i t i c a  sen su  
s t r i c t o  b u t in c lu d e  Y. in te r m e d ia , Y. f r e d e r i k s e n i i  and p o s s ib ly  Y. 
k r i s t e n s e n i i . I f  and when th e  new b io c h em ic a l c l a s s i f i c a t i o n  i s  
a c c e p te d  i n t e r n a t i o n a l l y  th e n  i t  i s  p o s s ib le  t h a t  s e p a ra te  s e ro ty p in g  
schemes m ight have to  be c o n s id e re d  f o r  each o f  th e  new s p e c ie s .
These s tu d ie s  have d em o n stra ted  t h a t  Y. e n t e r o c o l i t i c a  i s  p re s e n t  
in  fo o d s  o b ta in e d  in  th e  UK and th a t  th e s e  fo o d s  w hich in c lu d e  d a i ry  
p ro d u c ts ,  raw meat and p o u l t r y  and cooked ham a re  s im i la r  t o  th o s e  from  
w hich th e  organ ism  h as  been  i s o l a t e d  in  many o th e r  p a r t s  o f  t h e  w o rld .
How much o f  a r e a l  h a z a rd  t h i s  organism  p re s e n ts  by i t s  p re se n c e  in  
th e s e  p ro d u c ts  i s  d i f f i c u l t  t o  a s c e r t a i n .  N e ith e r  o f  th e  s o - c a l l e d  
m e d ic a l ly  im p o r ta n t s e ro ty p e s  0 :3  o r  0 :9  were i s o l a t e d  from  an y  o f  th e  
1004 sam ples exam ined. However, s e ro ty p e s  0 :5 * 2 7 , 0 :6 ,3 0  and  0 :8  w hich 
have a l l  been  a s s o c ia t e d  w ith  human i l l n e s s  w ere fo u n d . In  p a r t i c u l a r ,  
one s t r a i n  o f  s e ro ty p e  0 :8  was re c o v e re d  from  p a s te u r iz e d  m ilk .
A lthough s e ro ty p e  0 :8  h as  n o t been  re c o g n iz e d  a s  a cau se  o f  i l l n e s s  i n  
Europe i t  was th e  p roven  cau se  o f  a  l a r g e  s c a le  o u tb re a k  o f fo o d  p o iso n ­
in g  in  th e  USA in  w hich th e  v e h ic le  o f  i n f e c t io n  was found  to  be  
c h o c o la te  m ilk  (B lack  e t  a l . 1 9 7 8 ). T h is  s e ro ty p e  i s  a l s o  commonly 
a s s o c ia te d  w ith  human in f e c t io n  th ro u g h o u t th e  S ta t e s .
Even a s  t h i s  t h e s i s  i s  b e in g  ty p e d  two more m ilkbo rne  o u tb re a k s  o f  
Y. e n t e r o c o l i t i c a  i n f e c t io n  have been  r e p o r te d  from  th e  USA. One, f o r  
which no d e t a i l s  a r e  a v a i l a b l e ,  i s  s a id  to  have o c c u rre d  l a s t  y e a r  b u t 
th e  seco n d , more r e c e n t  o u tb re a k , r e p o r te d  invo lvem en t o f  172 c a se s  
and to  have been  cau sed  by  se ro ty p e  0 :1 6 ,1 8  (L o fg ren  e t  a l . 1 9 8 2 ) .
D e sp ite  th e  r e p o r t  by Hanna e t  a l . (19778.) which showed t h a t  Y. 
e n t e r o c o l i t i c a  i s  d e s tro y e d  by h e a t in g  a t  60°C f o r  3 d in  th e r e  was a  
v e ry  h ig h  in c id e n c e  (19$) o f  th e  o rgan ism  i n  th e  p a s te u r i z e d  m ilk  
exam ined i n  th e s e  s tu d ie s  and  s e v e r a l  sam ples c o n ta in e d  m u l t ip le  s e r o ­
ty p e s .  The organism  was even  i s o l a t e d  from  m ilk s  p roven  t o  have been  
p a s te u r i z e d  by  th e  p h o sp h a ta se  r e a c t io n .  I n  c o n t r a s t  Schiemann (1978a) 
r e p o r te d  o n ly  0 .4 $  in c id e n c e  i n  p a s te u r iz e d  d a i ry  p ro d u c ts .
T here a r e  two p o s s ib le  re a so n s  f o r  th e s e  r e s u l t s ,  e i t h e r  some 
s t r a i n s  o f  Y. e n t e r o c o l i t i c a  a r e  r e s i s t a n t  to  p a s te u r i z a t io n  te m p e ra tu r e s ,  
o r  th e  c l e a n l in e s s  i n  th e  b o t t l i n g  p la n t s  i s  n o t as  good a s  i t  sh o u ld  be  
and  p o s t - p a s te u r i z a t io n  c o n ta m in a tio n  had o c c u rre d . H ughes' (1980)
in v e s t ig a t io n s  in  d a i iy  p la n ts  i n  A u s t r a l i a  showed t h a t  th e  l a t t e r  
r e a s o n  was r e s p o n s ib le  f o r  co n ta m in a tio n  t h e r e .  As w ith  o th e r  
p a th o g e n s , Y. e n t e r o c o l i t i c a  has a  p r e l i d i c t i o n  f o r  th e  young and d u r in g  
a  r e c e n t  w in te r  a  3 i  y e a r  o ld  g i r l  i n  th e  UK was ta k e n  i l l  w ith  abdom inal 
p a in  and d ia r rh o e a  w hich l a s t e d  f o r  2 weeks and was fo llo w e d  by a  r e ­
l a p s e  3 -4  weeks l a t e r .  The c h i ld  had  no known c o n ta c t  w ith  any  an im a l 
so u rc e  o f Y. e n t e r o c o l i t i c a  b u t s e ro ty p e  0 :8  was i s o l a t e d  from  fa e c e s  
(Chessum , p e r s o n a l  com m un ica tion ). C h ild re n  d r in k  la r g e  q u a n t i t i e s  o f  
m ilk ,  Y. e n t e r o c o l i t i c a  en jo y s  co ld  te m p e ra tu re s  and m ilk  keeps b e t t e r  
i n  th e  w in te r  m onths. Could i t  be t h a t  Y. e n t e r o c o l i t i c a  c o u ld  grow 
t o  s u f f i c i e n t  numbers t o  cau se  d ie a s e  b e fo re  s p o ila g e  o rgan ism s w ere 
a b le  to  make th e  m ilk  u n p a la ta b le  ? The grow th s tu d ie s  c a r r i e d  o u t 
d u r in g  th e  p r e s e n t  i n v e s t ig a t io n s  in d i c a te  t h a t  t h i s  i s  p o s s i b le .  On 
th e  o th e r  hand  s e ro ty p e  0 :8  i s  known to  be in v a s iv e  a s  in d i c a te d  by th e  
S ereny  t e s t  and th e r e f o r e  o n ly  sm a ll numbers o f  th e  organism  w ould be 
needed  to  cau se  i l l n e s s .
The number o f  c e l l s  o f  Y. e n t e r o c o l i t i c a  re q u ire d  i n  a fo o d  b e fo re  
i l l n e s s  can  o ccu r and in d e e d  th e  e x a c t mode o f  p a th o g e n ic i ty  i s  s t i l l
9
d e b a ta b le .  A lthough in  a  human v o lu n te e r  t e s t  3*5 x 10 o rgan ism s 
ta k e n  o r a l l y  were fo llo w e d  by ty p i c a l  i l l n e s s  ( S z i ta  e t  a l . 1973)» i t  h as  
been  su g g e s te d  by Une (1 977a) t h a t  Y. e n t e r o c o l i t i c a  i s  in v a s iv e  and 
th e r e f o r e  s im i la r  i n  a c t io n  t o  S h ig e l la  sp p . and some S a lm o n e lla  sp p .
In  t h i s  c a se  a s  a l r e a d y  m en tio n ed , o n ly  low numbers o f  th e  o rgan ism  
w ould be r e q u ir e d  t o  c au se  i l l n e s s .  However, even i f  a  pathogen  does 
n o t  p o s se s s  e i t h e r  th e  a b i l i t y  to  p roduce  to x in  o r  i s  o f  th e  in v a s iv e  
ty p e  i t  i s  s t i l l  p o s s ib le  f o r  sm a ll numbers t o  cause  i l l n e s s .  A 
f a c t o r  o f te n  o v e rlo o k e d  i s  th e  n a tu re  o f  t h e  v e h ic le  o f  i n f e c t i o n ,  th e  
in g r e d ie n ts  o f  which may form  p r o te c t iv e  l a y e r s  round  th e  o rgan ism  and 
en ab le  i t  i t  t r a v e l  th ro u g h  th e  stom ach and in to  th e  i n t e s t i n e  where i t  
can  m u l t ip ly .  A v e ry  r e c e n t  ( J u ly  1982) o u tb re a k  o f s a lm o n e llo s is  i n  
th e  UK was cau sed  by th e  consum ption  o f  c h o c o la te  b a rs  c o n ta in in g  l e s s  
th a n  10 S a lm o n ella  p e r  100 g .
R e c e n tly  K apperud (1982) has r e p o r te d  t h a t  some s t r a i n s  o f  Y.
o
e n t e r o c o l i t i c a  sen su  s t r i c t o  a r e  a b le  to  form  h e a t  s t a b l e  to x in  a t  4  C. 
A lthough m ost o f  th e  s t r a i n s  w hich were c a p a b le  o f d o in g  so  w ere human 
i s o l a t e s  a  few (4$) o f  th e  e n v iro n m en ta l s t r a i n s  t e s t e d  showed a  
s im i la r  p ro p e r ty  and Y. k r i s t e n s e n i i  showed th e  h ig h e s t  in c id e n c e  o f  
to x in  p ro d u c tio n  a t  b o th  4 °  (47$) and  37°C (49$)* Even more r e c e n t ly
O lsv ik  & K apperud (1982) have shown t h a t  f i v e  s t r a i n s  o f  Y. e n t e r o c o l i t i c a  
a l th o u g h  grow ing r e a d i ly  in  w hole and skimmed m ilk  a t  4°C w ere unab le  
to  p roduce d e t e c ta b le  t o x i n .  I t  has a l s o  been  shown t h a t  th e  in v a s iv e ­
n e s s  as  in d i c a te d  by th e  S ereny  t e s t  may be p la sm id  a s s o c ia te d  (Z ink  
e t  a l . 1978; Gemski e t  a l . 1980; P o rtn o y  e t  a l . 1 9 8 1 ). P resum ably  
such  a p la sm id  can be l o s t  a t  any tim e  and t h i s  th e r e f o r e  c o u ld  acco u n t 
f o r  some o f  th e  v a r ia b le  r e s u l t s  o b ta in e d  by d i f f e r e n t  w o rk e rs . I t  
i s  a l s o  p o s s ib le  t h a t  j u s t  a s  th e  p la sm id s  a s s o c ia te d  w ith  S . ty p h i  a re  
more f r e e l y  t r a n s f e r r e d  a t  te m p e ra tu re s  below  30°C t h a t  d u rin g  th e  low 
te m p e ra tu re  en rich m en t r e q u ir e d  f o r  i s o l a t i o n  o f  Y. e n t e r o c o l i t i c a  t h a t  
p la sm id s  o f  t h i s  o rgan ism  m ight a l s o  be l o s t  ( o r  g a in ed ) ?
D e sp ite  th e  r e l a t i v e l y  h ig h  in c id e n c e  (5»3$) o f  Y. e n t e r o c o l i t i c a  
sen su  s t r i c t o  found  in  th e  fo o d s  and o th e r  m a te r ia ls  exam ined in  th e s e  
s tu d ie s  th e r e  a r e  few  c a se s  o f  human i n f e c t i o n  r e p o r te d  a n n u a l ly  i n  t h e  
UK. However, t h e r e  a r e  s i g n i f i c a n t  num bers o f  o u tb re a k s  o f  g a s t r o ­
e n t e r i t i s  o f  unknown a e t io lo g y  (G-UA) (A pp le ton  e t  a l .  1981) w hich 
e p id e m io lo g ic a l ly  have a  common fo o d  s o u rc e .  L a b o ra to r ie s  exam in ing  
c l i n i c a l  m a te r ia l  from  s u sp e c te d  fo o d  p o is o n in g  o u tb re a k s  r e a d i l y  
i n v e s t i g a t e  f o r  th e  w e ll  known p a th o g en s such  a s  S a lm onella  s p p . ,  C. 
p e r f r in g e n s , S ta p h , a u re u s , B. c e re u s  and even V ib rio  p a ra h a e m o ly t ic u s , 
b u t Y. e n t e r o c o l i t i c a  i s  e i t h e r  q u ie t ly  ig n o re d  o r  lo o k ed  f o r  h a l f  
h e a r t e d ly .
■When no b a c t e r i a l  pa th o g en s a r e  found  th o u g h ts  tu r n  to  v i r u s e s  and  
in  some c a se s  th e s e  have p roved  to  be th e  c a u s a t iv e  a g e n t b u t i n  many 
more th e  a g e n t has rem ained  u n id e n t i f i e d .  The f a e c a l  specim ens from  
many o f  th e s e  GUA o u tb re a k s  a r e  f i n a l l y  s e n t  to  th e  V iru s  R e fe re n c e  
L a b o ra to ry  i n  C o lin d a le  and th e  sam ples from  one o r  two have b een  
exam ined r e c e n t ly  by  th e  Food H ygiene L a b o ra to ry . U n fo r tu n a te ly  th e  
fa e c e s  a r e  u s u a l ly  a t  l e a s t  4 -5  weeks o ld  b e fo re  a r r i v a l  b u t i n  one o f  
th e s e  o u tb rea k s  in  w hich no o th e r  p a thogen  ( b a c t e r i a l  o r  v i r a l )  was 
i s o l a t e d ,  Y. e n t e r o c o l i t i c a  was re c o v e re d  from  4  o f  26 p a t i e n t s  exam ined. 
S e ro ty p e  0 :5  was i d e n t i f i e d  i n  3 o f  th e  4  p a t i e n t s ,  one o f  whom a l s o  had 
a  n o n - ty p a b le  s t r a i n .  The f o u r th  p a t i e n t  was in f e c te d  o n ly  w ith  a  n on - 
ty p a b le  s t r a i n .
The p a t i e n t s  co n ce rn ed  w ere r e l a t e d  b u t  no f u r t h e r  d e t a i l s  a r e  
a v a i l a b l e .  The s ig n i f i c a n c e  o f  th e s e  f in d in g s  i s  d i f f i c u l t  to  a s s e s s  
a t  t h i s  s ta g e  p a r t l y  b ecau se  th e  norm al c a r r i a g e  o f  Y. e n t e r o c o l i t i c a  
in  h e a l th y  humans in  th e  UK i s  unknown, b u t f u r t h e r  more c a r e f u l  and 
e a r l i e r  in v e s t ig a t io n s  o f  GUA o u tb re a k s  a r e  in d i c a te d .
The more one in v e s t ig a t e s  Y. e n t e r o c o l i t i c a  th e  more q u e s tio n s  
rem ain  to  be answ ered . T h is  s tu d y  s e t  ou t to  i n v e s t ig a t e  some o f  th e  
grow th p a ra m e te rs  o f  Y. e n t e r o c o l i t i c a  i n  fo o d s ,  t o  e v a lu a te  media and 
m ethods a l r e a d y  in  u se  and to  im prove upon them i f  p o s s ib le  and to  
d e te rm in e  th e  p re s e n c e , i f  an y , o f  th e  organism  in  fo o d s  and o th e r  
m a te r ia ls  o b ta in a b le  i n  th e  UK. As work p ro g re s se d  f u r t h e r  a r e a s  o f  
s tu d y  w ere in d ic a te d  in  o rd e r  to  o b ta in  th e  t r u e  s ig n i f i c a n c e  o f  th e  
p re se n c e  o f Y. e n t e r o c o l i t i c a  in  fo o d s . These a re a s  in c lu d e  i n v e s t i g ­
a t io n s  i n to  p ro d u c tio n  and d e te c t io n  o f  to x in  in  fo o d s ,  modes o f  
i n f e c t i o n / i n t o x i c a t i o n ,  h e a t  r e s i s t a n c e  e s p e c i a l l y  in  r e l a t i o n  to  Y. 
e n t e r o c o l i t i c a  i s o l a t e d  from  p a s te u r iz e d  m ilk  and  e a r l i e r  and more 
d e t a i l e d  in v e s t ig a t io n s  o f  o u tb re a k s  o f  g a s t r o e n t e r i t i s  o f  unknown 
a e t io lo g y .  The l a t t e r  s tu d y  can o n ly  be done i f  l a b o r a to r i e s  a r e  
ed u ca ted  and  encouraged  to  lo o k  f o r  Y. e n t e r o c o l i t i c a  th e m se lv e s  a t  th e  
o n s e t o f th e  o u tb re a k  r a t h e r  th a n  le a v e  i t  t o  o th e r  r e f e r e n c e  l a b o r ­
a t o r i e s  to  s e a rc h  when th e  specim ens a r e  d r ie d  up o r  overgrow n w ith  
m ou lds. A know ledge o f  th e  norm al c a r r i a g e  r a t e  in  h e a l th y  humans in  
th e  UK would a l s o  be v a lu a b le  in  d e c id in g  th e  s ig n i f i c a n c e  o f  t h i s  
p o t e n t i a l  pathogen  in  t h i s  c o u n try .
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APPENDIX I
Most probable numbers per gram/ml of- sample*
No. o f  tu b e s  p o s i t i v e  in
MPN
No. o f tu b e s  p o s i t i v e  in
MPNS e r ie sA
10 ml
S e r ie s  
B 
1 ml
S e r ie s
C
0*1 ml
S e r ie s
A
10 ml
S e r ie s
B
1 ml
S e r ie s
C
0.1  ml
0 0 0 LT 0 .0 3 2 0 0 0.091
0 0 1 0 .0 3 2 0 1 0 .1 4
0 0 2 0 .0 6 2 0 2 0 .2 0
0 0 3 0 .0 9 2 0 3 0 .2  6
0 1 0 0 .0 3 2 1 0 0 .1 5
0 1 1 0.061 2 1 1 0 .2 0
0 1 2 0.092 2 1 2 0 .2 7
0 1 3 0 .12 2 1 3 0 .3 4
0 2 0 0.062 2 2 0 0.21
0 2 1 0 .093 2 2 1 0 .2 8
0 2 2 0 .12 2 2 2 0 .3 5
0 2 3 0 .1 6 2 2 3 0 .4 2
0 3 0 0 .0 9 4 2 3 0 0 .2 9
0 3 1 0 .1 3 2 3 1 0 .3 6
0 3 2 0 .1 6 2 3 2 0*44
0 3 3 0 .1 9 2 3 3 0 .5 3
1 0 0 0 .036 3 0 0 0 .2 3
1 0 1 0.072 3 0 1 0 .3 9
1 0 2 0.11 3 0 2 0 .6 4
1 0 3 0 .1 5 3 0 3 0 .9 5
1 1 0 0.C73 3 1 0 0 .4 3
1 1 1 0.11 3 1 1 0 .7 5
1 1 2 0 .1 5 3 1 2 1 .2 0
1 1 3 0 .1 9 3 1 3 1 .6 0
1 2 0 0.11 3 2 0 0 .9 3
2 1 ■0.15 3 2 1 1 .5 0
2 2 0 .20 3 2 2 2 .1 0
1 2 3 0 .2 4 3 2 3 2 .9 0
1 3 0 0 .1 6 3 3 0 2 .4 0
1 3 1 0 .2 0 3 3 1 4 .6 0
1 3 2 0 .2 4 3 3 2 1 1 .0 0
3 3 0 .2 9 3 3 3 GT 1 1 .00
MPN = mean p ro b a b le  number; LT = l e s s  th a n ;  GT = g r e a t e r  th a n ,  
* = a d a p te d  from MPN t a b le  o f  H oskins (1934)*
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Survival and Growth of Yersinia enterocolitica in  Broth 
Media and in Food
M a r g a r e t  K e n d a l l  a n d  R. J. G i l b e r t
Food Hygiene Laboratory, Central Public Health Laboratory,
London, UK
Sporadic cases of human gastrointestinal infection due to Yersinia 
enterocolitica have been recognized and reported with increasing fre­
quency since 1966 (Highsmith et al. 1977). Workers in various countries 
throughout the world have recorded the occurrence of this organism 
(Rabson & Koomhof 1972; Zen-Yoji & Maruyama 1972; Hinderaker et 
al. 1973; Rakovsky et al. 1973; Vandepitte et al. 1973; Kohl et aL 1976; 
Szita & Svidro 1976). Useful reviews of a general nature have also been 
published (Mair 1975; Morris & Feeley 1976; Highsmith et aL 1977; 
Bottone 1977).
At least five outbreaks in which a common food or water source was 
suspected are known to have occurred in the period 1973-1978. Three 
of these were explosive community outbreaks in Japan involving junior 
and primary schools. Zen-Yoji and co-workers described an incident in 
which 198 of 1086 pupils suffered typical symptoms of abdominal pain 
(76%), fever (61 %), headache (60%)> diarrhoea (36%), malaise (33% 
and vomiting (12%). Half of the patients experienced severe pain in the 
umbilical region or lower right quadrant and three cases underwent 
appendectomy. One hundred and thirty two isolates of Y . enterocolitica 
were serotype 0:3, two were serotype 0:5 and six serotype 0:9: one 
patient carried both types 0:3 and 0:9 (Zen-Yoji et a t 1973). The other 
two incidents in Japan (Asakawa et al. 1973) were similar to the one 
described above and affected a total of 733 children and teachers. All the 
strains isolated were Y. enterocolitica type 0:3. The fourth outbreak 
occurred in Czechoslovakia (OlSovsk  ^ et al. 1975) and centred on two 
establishments for the collective care of children, both of which received 
their food from a single kitchen. In none of the outbreaks described 
above was the vehicle of infection identified.
The fifth outbreak (Black et al. 1978) occurred in a village in the USA
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where 37 of 119 people reporting ill with abdominal pain and fever were 
found to be infected with Y . enterocolitica type 0:8. The same serotype 
was also isolated from 1 of 60 people reporting diarrhoea without ab­
dominal pain and fever. Twenty three of the culture positive patients, 
9 of 40 culture negative and one symptom!ess child had a raised antibody 
level (>128). Sixteen patients underwent appendectomy. The common 
food source of the organism was identified as a chocolate milk drink. This 
was purchased from a small dairy which was the exclusive supplier of 
milk to the local schools. The chocolate milk was prepared by adding 
chocolate syrup to previously pasteurized milk in an open vat and mixing 
by hand with a perforated metal stirring rod. Yersinia enterocolitica type 
0:8 was isolated from 1 of 4 unopened cartons of milk obtained from the 
school cafeteria.
Yersinia enterocolitica has been isolated from many sources including 
mussels (Spadaro & Infortuna 1968), drinking water (Lassen 1972), 
oysters (Toma 1973), poultry meat, pork and beef (Leistner et al. 1975) 
and also from milk (Schiemann & Toma 1978). Pigs, dogs, hares and 
chinchillas are known hosts of the organism.
The biochemical classification and differentiation of Y. enterocolitica 
and Yersinia-like organisms is still under debate but detailed schemes for 
characterization of these bacteria have been described by many workers 
(Wauters 1970; Darland et al. 1974; Sonnenwirth 1976; Mehlman et 
al. 1978).
Two biotyping schemes which sub-divide Y. enterocolitica into five 
biochemical groups have also been described (Nilehn 1969; Wauters 
1970) and further sub-division of the species is possible using a serotyping 
scheme based on the somatic antigens (Wauters 1970) and by phage 
typing (Nilehn & Ericson 1969). There are 34 serotypes of which types 
0 :3, 0 :8 and 0:9 have been most commonly associated with human illness. 
In a correlation study of serological and phage types it was found that 
most of the human serotypes were phage types II or III (Nilehn 1973).
This report is part of a larger study on the growth, survival and 
isolation of Y. enterocolitica in various foods.
Materials and Methods
Organisms
Two human isolates of Y. enterocolitica serotypes 0:3 and 0:9 were 
supplied by the Yersinia Reference Laboratory, Public Health Labora­
tory, Leicester.
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Media
All dehydrated media were prepared and sterilized according to the 
manufacturers’ instructions.
Brain Heart Infusion broth {B H I): Dehydrated Difco Bacto No. B37. 
Brain Heart Infusion agar plates {B H I+ dye): BHI with the addition of 
(% w/v) powdered agar 1*2; lactose 1; 1 % solution neutral red 0*5. 
Buffered Brain Heart Infusion broth (B B H I): Sterile double strength 
BHI mixed with an equal volume of sterile 0*68 M Mcllvaine’s citric 
acid phosphate buffer solution of the required pH (Giegv Scientific 
Tables 1962).
G N  broth (Hajna 1955) (GN):  Dehydrated Difco Bacto No. 0486. 
Phosphate buffered saline (P B ): 0*067 M potassium dihydrogen phosphate/ 
disodium hydrogen phosphate (pH 7-6) in 0-85 % (w/v) sodium chloride. 
Quarter strength Ringer's solution {R S ): Oxoid tablets No. BR 52. 
Selenite broth {SB):  (% w/v) sodium hydrogen selenite 0-4; peptone 
0*5; mannitol 0-4; disodium hydrogen phosphate 0*75; sodium di­
hydrogen phosphate 0-53 in distilled water. Sterilized by filtration. 
Selenite cystine broth {SC):  Dehydrated Difco Bacto No. 0687.
Wauters’ broth (Wauters 1973) {WB):  Sterile 1% Bacto tryptone No. 
B123 620 ml; sterile M/15 disodium hydrogen phosphate 160 ml; sterile 
40% magnesium chloride 208 m l; 0*2% (w/v) malachite green 6-4 ml; 
1000 [xg m l-1 carbenicillin 1-2 ml. The medium was stored at 4°C until 
required.
Foods
Hard-boiled egg, boiled fish, rice, potato, and roast chicken were pre­
pared and cooked by normal domestic methods. After cooking, the bones 
and other non-edible parts were removed and where necessary the 
foods were chopped or finely homogenized. These foods were chosen 
primarily because of their previous implication in other types of food- 
borne outbreaks. Studies on other foods with a higher natural con­
taminating flora have still to be completed.
Growth studies
Preparation of inocula. Overnight BHI broth cultures incubated at 30°C 
were diluted with RS to give the required concentration for each 
experiment.
Surface colony counts. 10-fold dilutions were prepared in RS and counts 
made by a modified surface drop method (Thatcher & Clark 1968) on 
BHI plus dye plates.
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Growth at different p H  values: The two test strains were inoculated 
separately into 20 ml volumes'of BBHI broth at pH 2-4, 3*6, 4-2, 4*4,
4-6, 4-8, 5*4, 6*6 and 7-8 to give approx. 103 colony forming units (cfu) 
m l_1 and incubated at 22°C for 72 h. Surface colony counts were carried 
out after 0, 8, 14, 18, 22, 26, 30, 38, 48, 62 and 72 h and the plates 
incubated at 30°C for 48 h.
Growth in various media. Both test strains were inoculated separately 
into each of 3x100 ml volumes of BHI, WB, SB, SG, GN and PB to 
give approx. 100 cfu ml -1. The broths were incubated at 4° and 22°C 
for 13 d and at 30°C for 72 h. Surface colony counts were carried out 
after 1, 2, 5, 9 and 13 days at 4°C and 0, 6, 24 and 48 h at 22° and 30°C; 
plates were incubated at 30°C for 48 h.
Growth in foods. 10 gram quantities of each homogenized food were dis­
tributed in sterile 1 lb screw-capped jars. 0*06 ml volumes of the two 
test strains were inoculated separately on to the surface of each of 
2 0 x l0 g  samples to give approx. 103 cfu g ~ \  Five inoculated jars of 
food were incubated at 30°C, six at 4°C and seven at — 20°C. One jar 
was retained and a surface colony count carried out immediately. The 
counts were carried out by homogenizing a 10 g sample with 90 ml RS 
to give a 1/10 dilution, from which further dilutions were prepared.
Surface colony counts were carried out on the foods incubated at 30°C 
after 5, 8, 14, 24 and 30 h, from those stored at 4°C after 1, 2, 3, 7, 10 
and 21 d and at —20°C after 1, 2, 3, 21, 35, 49 and 63 d. All the plates 
were incubated at 30°C for 48 h.
Where it was suspected that counts would be <  100 g -1, and therefore 
beyond the lower limits of the counting method, 90 ml volumes of BHI 
broth were added to the 10 g portions of food instead of RS and these 
suspensions incubated at 30°C for 48 h as enrichment cultures after 
being used as 1/10 dilutions for the surface colony counts. Sub-cultures 
were made on BHI +  dye plates and incubated at 30°C for 48 h. The 
presence or absence of Y. enterocolitica was recorded.
Results
Effect of p H
Figure 1 shows the growth curves of Y. enterocolitica serotype 0:3 at 
various pH values in BBHI; similar results were obtained with serotype 
0 :9. The lower the pH value the more prolonged was the lag period. At 
pH 3*6 and below there was a rapid decrease in the number of Y. 
enterocolitica and within 48 h the number of both strains had diminished 
to below the limits of the counting method. At pH 4-2 both strains sur-
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Fig. 1. Growth of Y. enterocolitica serotype 0:3 in BBHI at 22°C. O, pH 2*4; A, 
pH 3-6; □, pH 4-2; • ,  pH 4-4; a , pH 4*6; ■, pH 4-8, x , pH 5*4; + ,  pH  6-6; O, 
pH 7-8 ; y, lower limit of counting method.
vived for 72 h with little or no variation from the original count. pH 
values of 4,2-4*4 appeared to be the threshold of inhibition/growth and 
although at pH 4*4 the lag period was prolonged, growth did occur, par­
ticularly after 38 h, and finally reached a level of >2-75xl05 cfu m l-1 
at 72 h. Growth of both strains occurred more readily at pH 4-8 and all 
values above this. For example at pH 6*6 and 7-8 levels of > lx  109 cfu 
m l_1 were attained within 30 h.
Growth in enrichment media
In BHI both strains of Y. enterocolitica grew to levels greater than 
5 x  108 cfu m l-1 within 48 h at 22° and 30°G. At 4°C the count rose more 
steadily and finally reached > 5 x l 0 8cfu m l-1 after 9 d. BHI was used
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as a standard against which the growth in all the other media was com­
pared. The growth patterns of the two test strains in GN were almost 
identical to those in BHI, the counts attained being 5 x l0 8cfu m l-1 
after 10-11 d at 4°C.
Although PBS does not provide any organic nutrients for growth both 
strains survived for 13 d at 4°C with no decrease in count. At 22°C, the 
number of organisms fell below the lower counting limit within 2-5 d.
The two selenite broths SB and SC demonstrated very different 
characteristics. Figure 2a shows the growth of both serotypes in SC at 
4°, 22° and 30°C. By comparison with BHI there was inhibition of Y. 
enterocolitica as would be expected in a selective medium. At 4°C growth 
increased steadily to 2 -7 5 x l0 6 and 5 x l0 5 cfu m l-1 respectively after 
13 d. The experiment was terminated before the upper limit of bacterial 
growth was attained. Nevertheless, at 30°C counts of 2x 106 and 2x 107 
and at 22°C 6-2x 104 and 8x 105 cfu m l_1 were obtained within 48-72 h.
SB failed to support the growth of serotype 0:3 at any temperature 
and this strain was undetectable by the methods used after the initial 
count at 0 h. Serotype 0 :9 was also undetectable at 4°C after the initial 
counts but at 22° and 30°C numbers of this serotype rose to T 2 x l0 5 
and T 5x 10® cfu m l-1 respectively within 2d .
In WB only one strain, serotype 0:9, appeared to survive at 4°C with 
evidence of some growth after 9 d; serotype 0:3 was not isolated after 
1 d. Both strains grew well at 22° and 30°C to > 3 x l 0 7cfu m l-1 in 
2 d  (Fig. 2b).
Growth in foods
Growth patterns of Y. enterocolitica in hard boiled egg and boiled fish 
are representative of the results from all five foods (Fig. 3a & b). At 
30°C the colony counts rose rapidly to >1x10® cfu g -1 within 30 h. 
There was a steady increase in count at 4°C over a period of 10 d by 
which time the number of Y. enterocolitica had reached the same level as 
at 30°C. Both strains of Y. enterocolitica survived for at least 8-9 weeks 
after storage at —20°C, the number of viable cells remaining at the same 
level as the initial count.
Boiled potato was the only food tested which became discoloured by 
the growth of the Y. enterocolitica.
Discussion
The results obtained in this study for growth of Y. enterocolitica are 
comparable in many respects with those of Hanna et al. (1977a). These 
workers adjusted the pH of BHI with sodium hydroxide or hydrochloric
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acid prior to sterilization and only recorded the growth of the organisms 
over 24 h. The only difference between our results and those of Hanna 
and co-workers is that they found no increase in growth over 24 h at pH
5-0 whereas our results show a definite increase in numbers within that 
period. Our findings indicate that Y. enterocolitica can grow to high and 
therefore presumably hazardous levels in certain foods, even with a 
relatively low pH, when stored for prolonged periods.
Various methods have been recommended for the isolation of Y. 
enterocolitica but there appears to be little information in the literature 
relating to the performance of specific media. Toma & Diedrick (1975) 
used phosphate buffered saline pH 7-6 incubated at 4°C for the isolation 
of Yersinia from the caecal contents of pigs. Inoue & Kurose (1975) used 
both phosphate buffered saline and selenite broth with novobiocin when 
investigating cow’s intestinal contents and beef meat. Of the 24 isolations 
obtained only one was made from selenite—novobiocin. Phosphate buf­
fered saline was also used successfully in the investigation of the chocolate 
milk outbreak (Black et al. 1978). Schiemann & Toma (1978) compared 
four methods of isolating Yersinia from milk in which they included 
phosphate buffer and a modified Rappaport broth. The modified Rappa- 
port broth was identical in formula to that of the Wauters broth used in 
this study. One millilitre of sample was inoculated into 10 ml of enrich­
ment media as follows : (1) modified Rappaport broth incubated at room 
temperature for 5 d; (2) Butterfields phosphate buffer pH 7*2 incubated 
at 4°C for 14 d; (3) modified Rappaport broth inoculated with 1 ml of 
phosphate buffer culture (incubated at 4°C for 14 d) and incubated at 
23°C for 5 d; and (4) modified Rappaport broth inoculated with 1 ml 
from a cooked meat culture (incubated at 23 °C for 28 d and incubated 
at 23°C for 5 d. The four methods gave 6, 8, 24 and 3 isolations re­
spectively.
Extended incubation at 4°C is widely used as an enrichment technique 
for Y. enterocolitica but not all media which support growth at 22° and 
30°C are suitable for use in low temperature procedures. This appears to 
be true for Wauters broth as shown by the results presented in this 
paper. However when Schiemann & Toma (1978) used this medium at 
22°C in combination with PB at 4°C (Method 3) isolations were sub­
stantially increased. Our results show that Y. enterocolitica survives in 
PB at 4°C but does not multiply without the addition of nutrients. The 
increased recovery of this organism by Schiemann & Toma’s method 3 
could have been due to Y. enterocolitica surviving better in the PB than 
the competing flora due to the presence of milk in the sample. Selection 
might have been further enhanced when some of the culture was trans­
ferred to modified Rappaport broth and incubated at 22°C for 5 d. The
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results obtained in this study with SB and SC show the former medium 
to be unsuitable as an enrichment medium for Y . enterocolitica. The 
main difference between the two media apart from the fact that SB con­
tains mannitol and SC lactose is that SC also contains 0-001 % /-cystine.
There are few published reports of studies on the growth and survival 
of Y. enterocolitica in foods. Our results are similar to those obtained by 
Hanna et al. (1977b) for raw and cooked beef and pork. At 7°C the main 
increase in numbers occurred between 3 and 7 d storage. Hanna et al. 
(1977a) also examined the effect of freezing on the survival of Y. entero­
colitica in cooked beef. They used two inoculum levels: l x  103 to l x  104 
and 1X 106 to 1X107 cfu g _1 and storage was at — 20°C. One strain of Y. 
enterocolitica could not be detected after two weeks and two other strains 
could not be detected after four weeks. These results are quite different 
to those presented in this paper where very small numbers of Y. entero­
colitica could still be demonstrated even after 9 weeks at —20°C.
In conclusion, the results presented in this paper indicate that Y. 
enterocolitica can growT to high and therefore presumably hazardous levels 
in foodstuffs stored at domestic refrigerator temperature (4°C). In a 
warm atmosphere (22°C) even those foodstuffs with the relatively low 
pH of 4-8, if kept for a prolonged period (48 h), could be a hazard.
Further investigations are needed to find the ideal technique for isola­
tion of Y. enterocolitica and the enrichment broth/incubation temperature 
combination needs to be carefully selected.
We are grateful to Dr Diane Roberts for her helpful advice and criticism 
in the preparation of this paper.
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MARGARET KENDALL
Food Hygiene Laboratory,
Central Public Health Laboratory,
Colindale Avenue, London, NW9 5HT, England
Summary
The eight constituent laboratories of the Central Public Health Laboratory are serviced by a media 
department with an average daily production of 100 litres of bulk media, 1500 agar plates and 
4000 filled tubes and bottles. Some 160 items are held in stock and at least a further 200 special 
items are produced on request. Quality control procedures are carried out on a 5% random 
sample of each batch of medium and include sterility, pH, accuracy of volume, sodium chloride 
concentration, amino-nitrogen titrations and growth checks of control organisms.
Communication between the manufacturers of basic ingredients and dehydrated media, the 
ready for use media department and the user is a vital factor in successful quality control of media. 
Alterations in ingredients which appear to be minor can cause major disasters in the laboratory. 
The use of control organisms and careful observation of test media by experienced workers is 
essential. ____ ___  ____ ____  __  ___ __  ___
Two case histories are reported which illustrate some problems which have arisen and the manner 
in which they were overcome.
Introduction
These comments are divided into I) background information about the Media Production Depart­
ment at the Central Public Health Laboratory, Colindale; II) general comments about quality 
control and quality assurance; and III) two case histories illustrating specific problems relating to 
media production. The opinions expressed are based on personal experience together with 
points raised in discussions with colleagues and with commercial contacts.
Media Production Department, Colindale
This department supplies most of the media requirements of eight constituent laboratories at the 
Central Public Health Laboratory and also a small number of items to associated clinical labora­
tories. However, it is not unusual for individual laboratories to prepare batches of experimental 
media or those required for a specific research project within their own departments.
The workforce of the Media Department (MD) is equivalent to 20 full time staff. The average daily 
production is 100 litres of bulk media, 1500 agar plates and 4000 tubes and small bottles of media. 
Most agar plates are poured by machine and the tubes and bottles are filled either mechanically, 
or manually if an aseptic technique is required. Some 160 items held in stockare available imme-
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diately and a further 200 or so special items are prepared on request either on a regular (60 items) 
or on an occasional basis (140 items).
For most of the last 21 years in which the author has used the MD, quality control of the media pro­
duced has been dependent upon the user alerting the MD when something has been observed to 
be wrong. In the early years the MD was run by a technician with no formal qualifications but who 
had some bench experience, but there was no quality controller. This arrangement was followed 
by several years of a trained manager with media production experience together with several 
quality controllers with varying bench experience. In the 18 months prior to this meeting the MD 
manager has been a qualified technician who has been backed up by a quality controller who is 
similarly qualified; both of these staff have considerable microbiological bench experience. Hav­
ing a keen experienced and qualified quality controller means that besides reliable basic routine 
testing some research can now be carried out in conjunction with the reference laboratories.
Quality Control Testing
The present quality control procedures are carried out on a 5% random sample from each batch of 
medium except where stated.
1. S terility . A 5% random sample is taken from media autoclaved after distribution and the entire 
batch of aseptically filled media. The samples are incubated overnight and inspected for con­
tamination before issue and the aseptic fills are incubated for 48h. All samples must be sterile.
2. pH . This is checked on all media and must be within the variation ±0.2 unless a more critical pH 
is required, as with citrate media.
3. V olum e. A volume variation is allowed within ±0.2 ml in 10 ml. Tightness of the caps during 
autoclaving is important to reduce volume loss.
4. S a lt  c o n cen tra tio n . Determination of salt concentration is essential only when it is a critical 
ingredient in a medium e. g. salt broths for vibrios.
5. A m in o  n itro g en  titra tions. These are used to standardize media produced from raw meat.
6. G row th . Tests are carried out using the organisms for which the medium was developed and 
also those relevant to the user laboratory. Where indicators are included in the formula, the 
colour (pH) of the uninoculated medium is checked. Growth and/or inhibition of the relevant 
organisms and any colour change produced is noted.
No general use is made of the surface colony count technique and agar gel strength is not tested. 
The single quality control technique in regular use which uses the surface colony count is the 
standardization of sodium deoxycholate powder for use in LEIFSON agar (HYNES1942) and LEIF- 
SON sucrose agar (modified from HYNES1942). LEIFSON agar plates containing varying amounts 
of sodium deoxycholate are prepared and a surface colony count carried out using a broth culture 
of a standard strain of E sch erich ia  c o li diluted in broth cultures of S a lm o n e lla  cu b a n a  and S h ig e lla  
so n n e i. The number of colonies of each organism and their size and appearance in each dilution is 
taken into account in deciding on the correct concentration of the sodium deoxycholate required 
to give optimal conditions for the isolation of the enteric pathogens.
This procedure has been developed by and used mainly in one of the Colindale reference labora­
tories (J. DE MELLO, unpublished). Every batch of sodium deoxycholate is checked prior to its 
distribution within the Public Health Laboratory Service.
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General Comments
The manufacturers of various media ingredients and complete dehydrated media, the ready-for- 
use media production department and the user all share some responsibility for the production of 
good media. Adequate communication is probably the most important single factor influencing 
quality assurance and it is essential that this takes place between all levels from manufacturer to 
user (Table 1).
The Manufacturer
It is often difficult to obtain a full specification for raw materials, and this view is confirmed by con­
tacts involved in manufacturing dehydrated media. Alterations to an apparently minor specifica­
tion of a single raw ingredient can cause quite dramatic problems for the user and can render a 
medium completely useless. A new process may have been introduced because of increased 
speed, greater convenience, unavailability of a particular crude product or more often for econo­
my, but no new specification is published to warn the user. The resulting aggravation and wastage 
of time and money could be avoided or at least reduced by better communication between suppli­
ers and users. The user might at least be able to carry out some tests before purchasing large 
quantities of stock.
A recent example is the case of a well known brand of peptone. The type of meat used in its produc­
tion was changed due to unavailability of the original meat. Media made from the ‘new’ peptone 
began to fail and suspicion finally fell on this product. Enquiries revealed the nature of the change 
and after being told the problem the manufacturers modified the process to suit the new meat be­
ing used. In the meantime other peptones had been found to replace this particular brand in many 
of our media.
Another example is specifications or lack of them for dyes. The formula for lactose sucrose urea 
agar (LSU) (JUHLIN & ERICSON1961) specifies the use of MERCK dyes and it seems from discus­
sions with other users that the use of this brand of dye is important. Various firms produce the 
same products much more cheaply and more readily available in the UK but when confronted 
these producers can give no specification as to the purity of their products.
These comments about communication or lack of it apply equally to the dehydrated media manu­
facturer.
The Ready-for-Use Media Department
Hopefully, one could expect less problems with a local private media kitchen but it is all too easy in 
a large institute for laboratories to work in isolation.
Communication
This is vital between the ready-for-use department and the various manufacturers and users and 
also within the department’s own organisation (Table 1).
Table 1 Communication between and responsibilities of manufacturers and users
Communication Responsibilities
MANUFACTURER MANUFACTURER Communication
dehydrated
Media
Chemicals 
Sugars ^  
Indicators 
Dyes
MEDIA DEPT, 
ready for 
use
Communication 
Quality control
Communication
Use of control organisms
ObservationUSER
Knowledge
Careful and adequate training of ail staff and good supervision by qualified personnel contributes 
a great deal to the production of high quality media. Training should not be justto show howto do a 
specific job, but include explanations and demonstrations of the appearance and use of the end 
products and the consequences to the user if they are not made correctly. The greater the know­
ledge and understanding of any worker the more care and interest will betaken in the job. Faults 
may even be observed earlier in the production chain which could save hours of unnecessary 
work and expense.
Qualified supervision is vital if training as described is to take place and be effective. Interest 
needs to be shown not just in the end product but in the person taking part in its preparation. The 
use of old, inaccurate and inadequate machines will inspire only boredom and carelessness. 
Equipment should be regularly checked and upgraded where necessary.
Quality Control
Well trained production staff and good supervision should enable the Quality Control Section to 
keep routine tests to a minimum. Afew simple tests might be used on each small distribution batch 
with more comprehensive testing on bulk media. This should result in more time being available 
for research quality control such as testing the effects of different peptones and investigating dis­
crepancies between similar types of media e. g. blood agar. This adds a more interesting dimen­
sion to the Quality Controller’s job.
The User
The media kitchen should be informed not only which medium is required butalso its purposeand 
its origin otherwise once more a lack of interest and understanding can contribute to the produc­
tion of poor product.
The use of control organisms for comparison with test results should be the norm and not the ex­
ception as is all too often the case. Hoping that errors and variations will be spotted during the use
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of a medium may be disastrous. The inclusion of control organisms does not of course preclude 
constant observation. Exceptions to the rule do occur and atypical strains are not unknown.
STOKES (1975) recommends the use of surface viable count techniques in the control of both li­
quid and solid media. This is because it shows not only the quantity of growth but also the size of 
colonies. She later describes (STOKES1979) a national quality control service organized intheUK 
for clinical specimens. This involves distributing simulated specimens to interested laboratories. 
A similar system could be valuable for monitoring media in food microbiology laboratories.
Knowledge
Occasionally amongst research workers onefindsthat knowledge concerning the medium under 
discussion is minimal, often because preparation, use and even observation of results were car­
ried out by other members of staff. A working knowledge of any medium being used is essential if 
reliable results are to be obtained.
In the author’s own laboratory it has been the practice for research staff at least initially, to prepare 
their own experimental media. Difficulties have often been foreseen and overcome by this action.
Case Histories
Case A. LEIFSON Sucrose agar (LS)
In July 1978 batches of this agar, which had been in daily use in the author’s laboratory for many 
years, were observed to be pink instead of the usual brown colour and less inhibitory than pre­
viously. Also, the colonial appearance of Y ersinia e n te ro c o litic a  with which the author was working 
had changed dramatically.
The ingredients, quantities used and method of production were investigated and the following 
discoveries were made. 1. Yeastrel had at some time been substituted for the Lab-Lemco desig­
nated in the original formula, and more important, the yeastrel product wasan impure and very va-
Table 2 Haemolysis on horse blood agar prepared with different nutrient bases (SAUNDERS & BALL 1980)
Organisms Number of strains
Group 1*
Nutrient base
Group 2**
Strep, salivarius 6 _!_****
Strep, salivarius 7 - -
Lancefield Group A streptococci 7 + +
Various greening and 
non haemolytic streptococci 15 - -
*Group 1 Colindale Hartley Digest; Gibco Blood Agar Base; Oxoid Blood Agar Base No.1; Oxoid Nutrient Broth 
No. 2; Bacto Blood Agar Base; Bacto Blood Agar Base No. 2; Bacto Heart Infusion; Bacto Nutrient Broth.
** Group 2 Columbia Blood Agar Base by Oxoid, Bacto, Mast and Gibco; Oxoid Blood Agar Base No. 2.
*** -  Either greening or no change in blood about colony.
**** +  Haemolysis about colony.
riable commercial catering brand. 2. The lactose and sucrose were of a cheap, impure quality and 
notAnalyticalReagentgrade;3.Theoriginal formula had been simplified by rounding up the origi­
nal water volume of 900 ml to 1000 ml but no corresponding adjustment had been made to the 
quantities of the other ingredients; and 4. The method of standardization of the sodium deoxy­
cholate had undergone a slight change and this had resulted in a second but slight variation to the 
water volume.
During the preparation of several earlier batches of this medium three faults occurred which re­
sulted in variations in the growth of S a lm o n e lla  and Y ersin ia  test strains: 1. A batch of medium re­
ceived mild overheating and non-lactose fermenting organisms appeared as lactose fermenters 
-  it was significant that this batch had been made up with the cheap impure sugars; 2. The quality 
of the growth of the test organisms varied with the thickness of the agar which was irregular dueto 
poor service of the distributing machine; and 3. Ferric citrate was added instead of ferric ammon­
ium citrate in solution A resulting in a low pH, opalescence which was probably dueto precipita­
tion of the deoxycholate, and a reduction in inhibiton.
The following steps were taken to eliminate or reduce the problem: 1. The variable yeastrel was re­
placed by Oxoid yeast extract powder; 2. Impure sugars were replaced by Analytical Reagent 
grade; 3. The water volumes were adjusted to those stated in the original formula; 4. Allowance 
was madefor the variation in the volume of the sodium deoxycholate solution; 5. Checks and care­
ful adjustment were carried out on the plate pouring machines to ensure only minimal variation in 
the thickness of agar; and 6. Checks and adjustment of pH were instituted not only after the auto- 
claving of the LS base but also after the addition of solutions A and B.
Despite the alterations and procedures implemented it has not been possible to revert to all the 
original characteristics of this agar.
Case B (SAUNDERS & BALL 1980) Blood agar bases.
This history does not illustrate a QC problem so much as a need for users to be more explicit in 
publications and indicates a possible area for future investigations.
Frequently in recent months organisms have been received for serotyping at Colindale as 
“Group A haemolytic streptococci, penicillin-resistant”. These strains had all been isolated on 
Columbia blood agar and were serologically tested using a co-agglutination test kit which showed 
them to be Group A. The Reference Laboratory found them to be non-haemolyticon COLINDALE 
HARTLEY digest blood agar, non groupable by extraction methods and were identified as 
penicillin-resistant S tr e p to c o c c u s  sa livariu s.
The results obtained by Media Department Quality Controller are shown in Table 2. Blood agar 
plates prepared from Columbia agar produced by MAST, Oxoid, Difco and Gibco as well as with 
Oxoid blood agar base No. 2 grew strains of S tre p , sa liv a r iu sm th  marked haemolysis. SAUNDERS 
and BALL have shown that the age and type of blood used can affect the haemolysis. The intensity 
of haemolytic reaction increased the older the horse blood used and the longer the plates were 
stored. When grown on Oxoid Columbia base and Oxoid blood agar base No. 2 supplemented 
with defribrinated sheep or human blood all strains gave reactions typical for S tre p , sa liva r iu s and 
were non-haemolytic.
This case emphasizes the need to be specific in stipulating the type and brand of base agar and 
blood being used. A question which might be asked is are any other organisms affected e. g. Clos­
tridia?
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In conclusion we can use all the sophisticated tests in the world but if staff are untrained, poorly 
supervised, and there is a lack of communication at all levels from supplier to user our media pro­
duction will cause problems. As users we can be more specific and detailed in stating ourrequire- 
ments in publications.
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Bismuth Sulphite Agar for the Isolation of Salmonellae
MARGARET KENDALL
Food Hygiene Laboratory, Central P.ublic Health Laboratory, Colindale Avenue, London, NW9 5HT, 
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Summary
A study was carried out to compare the growth of salmonellae, including S a lm o n e lla typ h i, on vary­
ing depths of bismuth sulphite agar in relation to (a) pre-use storage time (b) artificial drying time 
and (c) brand and batch variation.
Results of tests with Oxoid bismuth sulphite agar and salmonellae other than Sa/m. ty p h i showed 
that the length of time that the medium could be stored at4°C before use increased with increased 
depth of agar. However, for the isolation of Salm . typh i, even the thickest plates (9 mm deep) 
needed to be used within 4 days of preparation. Typical colonies of the other salmonella serotypes 
tested could be recognized after up to 19 days pre-use storage. Variation in the artificial drying 
times produced no significant effects on the growth characteristics of any of the salmonella 
strains tested.
Variations between different batches of a particular brand of the medium and between different 
brands were apparent.
Introduction
WILSON (1923) showed that many organisms of the S a lm o n e lla  group are ableto reduce sulphites 
to sulphides in the presence of a fermentable sugar. Together with BLAIR he developed a glucose 
bismuth sulphite iron medium for the isolation of S a lm o n e lla  typ h i (WILSON & BLAIR 1926,1927). 
Several modifications of this WILSON & BLAIR medium (WB) have been produced (TABET1938; 
WILSON 1938; DELOUREIR01942). That of WILSON (1938) has been found suitable for the isola­
tion of most types of salmonellas (McCOY 1962).
Irregularities in appearance and growth of Salm . ty p h i on various modifications of the medium 
have been recorded and some of these were found to be due to variations in the peptone (WILSON 
1938), impurity of the ferric salt or inaccurate adjustment of pH (POT1943). COOK (1952) showed 
that it was necessary to store WB plates for 4 days at 4°C in order to obtain typical results with Salm . 
typh im urium .
Intheyears preceding the workreportedherethereweremanydiscussionswithcolleaguesasto 
whether WB should or should not be stored at 4°C before use. Also, many requests were received 
from the Media Department asking for specifications on the quantity of agar required in each plate 
so that mechanical distribution methods could be used. There was also an increasing awareness 
that the varying depths of the agar, which were the normal result of manual distribution of the 
medium, were producing irregular results both in quality of growth and colonial appearance.
Dehydrated WB was in regular routine use in the Food Hygiene Laboratory and a study of the litera­
ture produced by some of the commercial firms showed that there was a considerable variety of 
opinion on (a) the quantity of agar required in each Petri dish and (b) the length of pre-use storage 
time, if any, of the poured plates. None of the manufacturers mentioned the size of the Petri dish
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Table 1 Summary of instructions by commercial media production companies for the preparation of bismuth sulphite
agar
Brand Volume of agar 
in each Petri dish
Petri dish 
size
Pre-use storage instructions 
for poured plates
BBL
Difco
Oxoid
20 ml approx.
25 ml Not specified
Not specified 
Not specified
3 days at 4°C
(for all salmonellae except Salm. typhi.) 
Cold moist atmosphere if necessary 
Use same day
which should be used (Table 1). In more recent literature OXOID Ltd recommended dispensing 
20 ml into a 10 cm diameter Petri dish (OXOID 1976) and later 25 ml per plate (OXOID 1979).
Standard 90 mm disposable plastic Petri dishes are more commonly used at the present time than 
they were when this work was carried out, 10-12 years ago. It was then not uncommon, forthesake 
of economy, to divide the all glass dishes to give two bases, one of which was 89 mm diameter and 
the other 98 mm diameter. Metal lids were fitted to completethe two “new” dishes. The significance 
of the variation in size can be appreciated when a volume of medium is stated but the plate size is 
unspecified.
The following is a report of a study carried out to compare the growth of salmonellae, including 
Salm . typh i, on varying depths of medium inrelation to 1) the pre-use storage time, 2) artificial dry­
ing times, 3) batch variation and 4) brand variation.
i n i t i a l  -  
in o c u i u m
*
c l e a n  
I o o p
Figure 1. Method used for the inoculation of bismuth sulphite agar plates.
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Figure 2. Grading of growth on bismuth sulphite agar plates.
Methods
Oxoid and Difco bismuth sulphite agars (WB) were prepared according to the manufacturers, 
instructions and dispensed in 15 ml, 20 ml, 25 ml, 30 ml, and 40 ml volumes into 90 mm plastic Petri 
dishes using sterile bulb pipettes, to give approximately 4,5,6,7 and 9 mm depth of agar 
respectively. The agar was allowed to set and, except where the effects of different drying times 
were being investigated, dried with the dishes open at 37°C for 2 hours and then either used 
immediately or stored at 4°C for up to 19 days.
The organisms used were Salm . typ h i NCTC 8394; S alm . p a ra ty p h i A NCTC 8002; S alm . p a ra ty p h i  
B  F7064/67; Salm . c h o ie ra e -su is  NCTC 5735; S alm . typh im urium  F4212/67; Salm . typh im u riu m  
F3684/60; S alm . w orth in g ton  F3717/67; S alm . dublin  F6951/68; S alm . an a tu m  F2210/67; S alm . 
pu llo ru m  NCTC 5776; P ro te u s  vu lgaris NCTC 4175; P ro v id e n c e  sp. NCTC 6345 and E sch erich ia  
c o li NCTC 9001.
135
Astandard method of inoculation was maintained by streaking one loopful of an overnight nutrient 
broth culture onto the surface of each plate using the method shown in Fig. 1. All plates were incu­
bated at 37°C for 48 hours and the quality of growth recorded as illustrated in Fig. 2. Colony types 
were recorded as 1) typical; sharp black centre, clear periphery, blackening of agar and sheen 
around colony, 2) atypical; pale green colony, or 3) mixed; mixture of both typical and atypical 
colony types.
Results & Discussion
The effect of age and thickness of WB agar on the growth of salmonellae was studied and the 
results obtained with Salm . typ h i and Salm . typh im u riu m  are shown in Table 2. S alm . typ h i was 
more easily recognizable as a typical salmonella on plates stored at 4°C for 4 days or less. The 
thicker the agar the longer the plate could be stored before inoculation and still show character­
istic colonies and therefore remain potentially usable. S alm . typh im u riu m  could be easily recog­
nized on plates stored for more than 2 days; the 15,20,25,30 and 40 ml plates showed typical 
colonies after 2,6,10,16 and 17 days storage respectively. A similar pattern was seen in the results 
of S a lm . p a ra ty p h i A, Sa lm . W orthington, Sa lm . dublin , a second strain of S alm . typh im urium , Sa lm . 
anatu m , and Salm . p a ra ty p h iB . The number of days which the plates could be stored and still pro­
duce recognizable salmonella colonies varied between those shown for Salm . typ h i and S alm . ty ­
p h im u riu m  (Table 2). Salm . c h o le r a e -s u is  and S alm . pu llo ru m  typically did not produce black col­
onies with a metallic sheen and the results were graded only according to the quality of growth. 
Increased thickness of agar and length of storage time resulted in heavier growth on the plates. 
The batch of agar used for this trial was also used on afurtherthree occasions over a period of 2'A 
years and each time exhibited similar characteristics.
Table 2 Growth of salmonellae on bismuth sulphite agar (Oxoid batch A) of varying thickness in relation to the pre-use 
storage time
Organism Volume 
of agar ml 
per plate 0 1 2 3 4
'
5
Number of days pre-use storage at 4°C 
6 7 8 9 10 11 12 13 14 15 16 17 18 19
Salm. typhi 15 1A 1A 1A 1A 1A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NCTC 834 20 4T 2A 1M 1A 1A 1A 1A 0 0 0 0 0 0 0 0 0 0 0 0 0
25 4T 3M 3T 2M 1A 1A 1A 0 0 0 0 0 0 0 0 0 0 0 0 0
30 4T 3T 3T 3T 2A 1A 1A 1A 1A 0 0 0 0 0 0 0 0 0 0 0
40 4T 4T 4T 4T 4T 2A 2M 2A 2A 1A 1A 1A 1A 0 0 0 0 0 0 0
Salm.
typhimurium
F4212/67
15
20
4T
4T
2A
4T
3T
3T
3A
3T
3M
3T
2M
2M
3M
3T
2M
3M
2M
3T
2M
2M
2M
2M
3M
2M
2M
3M
2M
2M
2M
2M
2M
2M
2M
3M 2M
2M
2M
2M
2M
25 4T 4T 4T 4T 3T 3T 3T 3T 3T 3T 3T 3M 3M 3M 3M 3M 3M 3M 3M 3M
30 4M 4T 4M 4T 4M 4T 3T 4T 4T 4T 3T 3M 3M 3T 3T 3T 3T 3M 2M 3M
40 4A 4M 4T 4T 4M 4T 4T 4T 4T 4T 4T 4T 4T 4T 3T 4T 4T 4T 3M 3M
A “ atypical colonies 
M =  mixed atypical and typical colonies 
T “ typicalcolonies 
0 - 4  =  amount of growth expressed as values between 0 and 4 (see Fig. 2)
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Table 3 Growth of salmonellae on bismuth sulphite agar (Oxoid batch B) of varying thicknesses in relation to pre-use 
storage times and artifical drying times
Organism Quantity 
of agar ml 
per plate
0 1/2
0
1 VA 2
Number of days pre-use storage at 4°C 
4
Artificial drying time in hours 
0 A 1 1’/2 2 0 A
9
1 1’/2 2
Salm. typhi 15 3M 2A 2M 2M 3A 1A 1A 0 1A 0 0 0 0 0 0
NCTC 8394 £Q 4T 3M 3M 3M 3M 2A 2A 2A 1A 0 0 0 0 0 0
25 4M 4T 4M 4T 4T 3A 2A 2M 2M 3M 0 0 0 0 0
30 4M 4T 4M 4T 4M 3M 4M 3M 2A 3M 0 1A 1A 0 1A
40 4T 4T 4M 4T 4T 4M 4T 4T 4T 4T 2A 4M 4M 1A 2A
Salm. 15 3M 3M 3M 3M 3M 3A 3A 3M 3M 3M 4A 4A 4A 3M 3A
typhimurium
F3G84/60 4M 3M 3M 3T 3T 3M 3A 3T 3M 3T 4A 4A 4A 3M 3A
25 3M 3T 3T 3T 3T 3M 3M 3M 3T 3M 4A 4A 4A 3M 3A
30 3T 4T 3T 3T 3T 3M 3T 4M 3T 4M 4M 4M 4A 4M 4M
40 4T 4T 4T 3T 3T 4T 4M 4M 3T 4M 4M 4T 4M 4M 4T
A =  atypical colonies 
M =  mixed atypical and typical colonies 
T =  typical colonies 
0 -4  =  amount of growth expressed as values between 0 and 4 (see Fig.2)
The time allowed for pre-use drying of agar plates varies from laboratory to laboratory. Therefore, a 
study was made of the growth of four strains of S a lm o n e lla  on WB in relation to thickness of agar, 
pre-use storage time at 4°C and drying time; a summary of the results obtained with S a lm . typ h i  
and Salm . typh im urium  are shown (Table 3). Although a different batch of OXOID WB was used to 
that in the previous trial, the general characteristic was similar, the thicker the agar the longer the 
plate could be stored at 4°C prior to use. The variation in drying times had little effect on the
Table 4 Growth of salmonellae, Escherichia coli and Proteus vulgaris on different batches of bismuth sulphite agar*
Number of days pre-use Number of days pre-use
Organism Oxoid storage at 4°C Organism Oxoid storage at 4°C
batch 1 2 3 4 5 6 batch 1 2 3 4 5 6
Salm. typhi C 1A 1A 0 0 0 0 Pr. vulgaris C 3 3 1 0 0 0
NCTC 8394 D 3M 3 A 1A 0 0 0 NCTC 4175 D 4 3 2 4 1 1
E 4T 3M 4M 3M 4M 3M E 4 4 4 4 4 4
Salm. C 4T 4T 3T 4T 3T 3M Esch. coli C 0 0 0 0 0 0
typhimurium D 4T 4T 3T 4T 4T 4T NCTC 9001 D 0 0 0 0 0 0
F4212/67
E 4A 4M 4A 4M 4M 4M E 1 1 1 2 2 2
A =  atypical colonies 
M =  mixed atypical and typical colonies 
T =  typical colonies 
0 - 4  =  amount of growth expressed as values between 0 and 4 (see Fig.2)
* all the plates contained 30 ml of medium
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Table 5 Growth of salmonellae, Escherichia coli and Proteus vulgaris on two different brands of bismuth sulphite agar
Organism Brand batch Volume of agar 
(ml per plate)
Number of days pre-use storage at 4°C 
0 1 2 3 4
Salm. typhi Oxoid A 20 4M 1A 1A 2A 1A
NCTC 8394 40 4M 4T 4T 4T 4M
Difco A 20 3A 3A 3A 3A 3A
40 3A 3A 3A 3A 3A
Salm. typhimurium Oxoid A 20 4M 4T 4T 4T 4T
F4212/67 40 2M 4M 4M 4T 4T
Difco A 20 1M 2M 4M 4M 4A
40 1M 2M 2M 2T 2T
Pr. vulgaris Oxoid A 20 3 2 1 1 1
NCTC 4175 40 1 2 2 3 3
Difco A 20 3 3 2 2 1
40 3 3 3 4 4
Esch. coli Oxoid A 20 1 1 1 1 0
NCTC 9007 40 1 2 2 2 2
Difco A 20 1 1 1 1 1
40 0 0 1 1 1
A =  atypical colonies 
M =  mixed atypical and typical colonies 
T =  typical colonies 
0 - 4 =  amount of growth expressed as values between 0 and 4 (see Fig. 2)
appearance or growth of the colonies of the test strains. Of the other two strains tested, Salm . 
d u b lin  showed similar growth characteristics to S alm . typ h i and Salm . typh im urium  but on this 
particular batch of medium, S a lm . p a ra ty p h i A  failed to produce any typical colonies.
Three different batches of OXOID WB were compared directly using a standard quantity of agar 
(30 ml) in each plate with pre-use storage times ranging from 1-6 days. Five strains of salmonella 
and three strains of common Enterobacteriacae were used. The results obtained with Salm . typhi, 
S a lm . typh im urium , P ro te u s  vu lgaris and E sch erich ia  c o li are shown in Table 4. Considerable varia­
tion was observed between the different batches of WB. On batches C and D Salm . typ h i produced 
few typical colonies after 1 day storage at 4°C only whereas on batch E a mixture of typical and 
atypical colonies were observed after up to 6 days storage. Salm . typh im urium  grew well and pro­
duced typical or mixed colonies on all three batches. The other serotypes tested, Salm . anatum , 
S a lm . p a ra ty p h i and a second strain of S alm . typh im urium , all produced typical or mixed colonies 
on batches C and D and atypical colonies on batch E. P ro v id e n c e  sp. showed similar character­
istics to Pr. vu lgaris on all three batches of WB. In general, batch E was less inhibitory than batches 
C and D.
A comparison between OXOID batch A and DIFCO batch A was carried out using the same strains 
as the previous experiment. The results obtained to r  Sa lm . typh i, Salm . typhim urium , Pr. vulgaris  
and E sch . c o li are shown in Table 5. Salm . typ h i did not produce any typical colonies on DIFCO 
batch A and growth was less heavy than that on OXOID batch A. Salm . typh im urium  also grew less
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well on the DIFCO than on the OXOID agar, but a few typical colonies were observed on the 40 ml 
plates which had been stored at 4°C for 3 days or more before use. Similar results were observed 
with Salm . anatu m , Sa lm . p a ra ty p h i B  and a second strain of Salm . typh im urium . The DIFCO 
medium was less inhibitory to P ro te u s  than the OXOID medium but the converse was observed 
with E sch. c o li and P ro v id e n c e  sp.
The work reported here was carried out over a period of years and because of the relatively 
small quantities of dehydrated medium available from most of the batches it was not possible to 
carry out more comprehensive trials. These results show that for OXOID WB agar the pre-use stor­
age time at 4°C can be extended when the thickness of the agar is increased. When required for 
the isolation of Salm . typh i, plates should be used within 4 days. This confirms the instructions 
issued by OXOID (Table 1).
However, there is a need to stipulate thickness of agar required per plate rather than the plate size. 
Theexact quantity of agar could then beascertained foranysizeof Petri dish. The results obtained 
with OXOID batch Aagarindicatethatthedehydrated medium maybestablefor2-3 years, butasa 
general rule control strains should be used for media control testing because considerable varia­
tions have been demonstrated between batches and between brands.
The variations obtained with WB agar are not unique. Other authors have reported similarfindings 
with brilliant green agar (READ & REYES 1968).
The author wishes to thank Dr. D. ROBERTS for her advice in the preparation of this paper.
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